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'disorders during pregnanfcrjf, fital distress and hypoxic birth injury, 
arid the respiratory, distress synd«rom4 in premature infants. The 
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This report is one of ten prepared in 1980 for tfre 
Steering Committee for the Five^Year Research Plan of the 
National Institute of ' Child Health and Human Development 
*(NICHD). In developing the plan, 'a Study Group fot each of 
the ten ^IICHD program areas was asked to evaluate the state 
of the science, identify 'areas of promise, and recommend di- 
rections for future research. Each Study Group consisted of 
leading, scientists and staff of the NICHD «r The r Steering Com- 
mittee conducted an extensive scientific and policy revifew of 
the reports, and collected and published them in Child Health 
and Human Development: An Evaluation and Assessment of the 
State 6f the Science (Octobe* » 1981) . The reports ^f lfect 
m Specific interest 9 and expertise of the authors and not 
* Necessarily NICHD policy. The report on the followi.ng pages 
is reprinted from the collection. The ten program areas are: 

I Fertility and ^fertility ' 4 L 

II Pregnancy, Birth, an* the Infant a * 

Ill Nutrition 

IV Sudden Infant Death Syndrome * • 

V Congenital Defects " 

VI % Mental Re tarda tiota\ 

VII Child* and Adolescent Development V 

VIII* Contraceptive Development i 

IX Contraceptive Evaluation 

X^ Population Dynamics . # " % 

Each program area will be reviewed arid Updated annually • 
as part of the NICHD .plannifag and Valuation process 7 By 
this means, areas riot emphasised adequately can be ^addressed,* 
the guidance of other experts can besought, and changes in 
the state of the science and changes in health issues .can be 
accommodated. • . 

Single' copies of each reprint are available ; free from 
NICHD, Office of Research Reporting, NIH, Building 31, Room 
2A-32, Betherfda, Maryland 20205. Reprints should be re- 
quested by title. 
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I. Introduction I 

Of all phases of the human life cycle, pregnancy and 
childbirth have been accorded a favored status by society. 
This focus on pregnancy, birth, and the infant carries over 
? to medicine as well, and the field of maternal and infant 
health has been especially singled out in biomedical science 
in an effort tQ preserve life and improve its quality. 
The events of pregnancy, labor, and Birth are the major 
determinants of lifetime well-being, diagnosis and fre'at 
ment of a disease on the first day of life, .which is the 
'most hazardous any individual experiences, may determine 
whether there is a cure, a"n early dfeath, or a lifelong 
disability. * 1 - * [ 

' One consequence of the focus on pregnancy and child- 
birth hps been the collection of relevant medical statisti- 
cal data. National., regional, and local data provide 
reliable indices of improvements in the health of pregnant 
women and their infants; and the data from 1970 to 1978 (the 
inost recertf year f6r which*' final figures are Available) 
I show: % ... 



a decrease of 55.3 percent in the maternal mortality 
rate, from 21.5' deaths per 100,0.00 live births to 
9.6, the lowest rate in history; 



a decrease of 31 percent in the infant mbrtality 
rate^jdeaths in the first year of life)$ from 20 
deaths, per 1,000, live births to 13.8, also ttie 
lowest rate ever;* and 



*1980 estimated rate: 12.5 
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a decrease of 37.1 percent in the lieonatal mortality 
rate (deaths in the first 28 days of life,), from 
15.1 deaths per 1,000 live births to 9,.5, again the 
lowest rate .ever. 



These improvements are largely a result of the clinical 
application of knowledge gained through research, combined 
with wider access to-"health care. - . 



A number of research advances contributed to these 
improvements and also to the reduced long-term morbidity 'of 
the survivors. Continuous positive airway pressure (CPAP), 
developed to prevent the collapse of small airways in' 
hyaline membrane disease/respiratory distress ^syndrome, 
helped reduce the number of deaths caused by this disorder 
from 9,763 in 1970 to 5,991 in 1978, and the combination of 
CPAP and other technique's for improved management of very 
low birthweight infants (less than 1,500 grams) in newborn 
intensive care units approximately doubled their survival' 
rate. Intrauterine diagnosis has enabled many families to 
have children unaffje'cted by genetic disease and congenital 
defects apd has permitted initial applications of intra- 
uterine therapy for some of them. The administration of 
Rh immune globulin (RhoGam) to Rh negative women after 
delivery, to prevent slnsitization and development of 
erythroblastosis fetalis in subsequent pregnancies ». has* 
reduced the 9 inciderfce of affected newborns per 1 ; 000 births 
from 4;1 in 1970 to 1.6 in 1977. The development and 
application of the methodology for simple, inexpensive, 
( universal' screening of- newborns for congenital hypothy- 
roidism have^ provided , the means for completely preventing 
this cause of mental retardation. With the development of 
tests for fetal lung maturity and of means for in utero 
treatment to stimulate lung maturation, the problem of 
respiratory distress syndrome due to cesarean delivery 
performed too early and its ' incidence in women with pre- 
mature labor haVe been significantly reduced. 

The declines maternal and neonatal mortality have 
also been Influenced significantly by ttie availability of 
safe and effective contraceptfvftfl^iand by broader*use«of 
regionalized special perinatal care, facilities. 1 ' 

In;splte of these advances, oyer 45,000 infants die 
each year in the United States. Infant mortality rates are, 
lower in 13 othe& countries. The U*S. 'prematurity rate 
remalhs high. This is the major^reason why the infant 
mortality rajre is not considerably lower. Questions of- 



fcanagemenJt of pregnancy-induced hypertension, diabetic 
pregnancy, and difficult labor- are unresolved, and infec- 
tions and congenital anomalies take a high toll and often 
leave ^survivors disabled for life, ' 

; * . 

V The most striking record of improvement is fche decline 
bf maternal mortality. At the fcurn'of the centu.ry, 1 
bercent ol prfegnant womep^could expect to die of complica- 
tions of; pregnancy, labdr, 'and delivery within 6 weeics 
postpartum. As recently as. 1930, nearly 15,000 women died in 
2.2 million births (table JL). By 1978, only 321 women died* 
in 3.3 million births — less than 1 in 10,000. The rate has 
declined 100-fold in (50 years. Comparison of the causes 
of maternal death in 1970 and 1978 (table 2) suggests areas 
of progress and indicates future needs. 



Infant mortality also shows a striking decline in %his' 
century, but of 4 different order of magnitude. While 
maternal mortality has T>een reduced 100-fold, infant mortal- 
ity.has declined not quite 10-fold (table 3). In recent ' 
years, kost of the decline has been in the neonatal period 
(the first 28 days of lift). An examination of the leading 
causes ol infant death and the changes. in them since 1970 
( table 4> indicates where special problems, remain. Only 
minor progress, for instance, has been made against con- 
genital anomalies, still the major cause of both* mortality 
and disability. By contrast, qiarked improvements in rates 
have occurred for pneumonia (72.8 percent reduction), 
hyaline membrane disease (HMD) (43.7 percent ^eductiotO,- 
and respiratory distress syndrome ,(RDS) (1&<6 percent 
reduction).* \ 

j . • > 

Harked improvement in the ability to~ keep very low 
birthweight infanfcs alive has resulted from many changes in 
management, and is demonstrated in the 53 percent reduction 
in> mortality attributed to immaturity. The death rate from 
asphyxia of' the newborn declined by 65 percent, largely as a 
result of increased application of electronic fetal monitor- 
ing dinging labor in high-risk patients, apnea monitoring in 
nurseries, and improved resuscitative and supportive tech- 
niques. Similarly, there was * '62. V percent, reduction' 
la death rate due to conditions of the placental pathology^ 
Sepsis was "the only^condition that showed a rise in mor- 



*For statistical purposes, based, on International Classifi- 
cation of Diseases Adapted codes, RDS and HMD are considered 
separately. Elsewhere in this document they are considered 
together under the more general term respiratory distress 
syndrome. m % 



tality rate, indicating an increasing* problem of neonatal 
sepsis due to Group. B streptococci* • - 

» /»■ * 

.* 

Prematurity — whether* it is defined as" low birthweight 

(less than' 2,500 grams), preterm delivery ("less than 37 
weeks gestational age), or both--is a common factor of 
many of these, figures. Pour of the six leading causes of 
death, (immaturity, RDS/HMD, and asnhyxia)^ which comprise 
_over one-fourth of all Infant deaths, are confined almost 
entirely to premature infants. Furthermore, all the rest of 
the leading causes, with the possible exception .of -adci- 
d^ots, are mor/e common in premature infants. Nationwide, 
^^proximately' 60 percent of all infants who die in the first 
year weigh less tfrari 2,500 "grante at birth, and in some 
geographic a<reas this proportion is much Higher. Ifcfarits 
weighing less than 1,500 grams, cot^eitute only 1 percent of 
all live births, but approximafcel^ytwo-thir d§ of all neo- 
naral deaths. 2 

Premature infants are not only more lively to die; they 
are_also more likely to suffer long-term morbidity as a 
consequence of these disorders and, of intracranial hemor- 
rhage. Although it" is much more difficult .to obtain data on 
morbidity than on mortality, it is clear that the risk for 
handicap rises as birthweight declines. Among infants 
weighing^ less than 1,500 grams, the ' incidence of handicap 
ranges upward from ,-10 percent 3 and has been reported to 
approach 60 percent at 8 years of age.* Costa associated 
with these problems are high. A 1978 study" indicated an 
average cost of over $8,000 for intensive care for. each 
premature infant, or an annual hospital cost>alohe of over 
$1.5 billion%5 To $his figure must Jbe added the unknown 
longrterm coats §f caring for'the physical and .meiital 
handicaps of many of those who- survive, r .\ 

« « 

\ National data on prematurity based v on, birthweight have 
been available only since 1*950, and they v demonstrate compar- 
atively little progress, even though* the current^ prematurity 
rate of 7.1 percent is the lowest yet'recorded (table 5); 
Wtiile the rateJias fluctuated, there has been essentially no 
change. in nearly 30 years. This rate is hot the biologic 
limit: the rate in Sweden is 3.9 percent; in New Zealand, 
5.2 percent;, in Japan, 5.3 percent. Further improvement in 
the United States il possible. /The rate of prematurity 
among" non-whites was 12.8 percent in 197.7 and was more than 
double the rate tff .5.9 percent among whites. This differ- 
ence is flue in parrt *to differences. In prenatal and peri- 
natal car£, reflecting social, economic, and" educational 
environment.' 



The potential to improVe infant survival in the United 
States by lowering the prematurity rate is indicated in a 
recent study by .the World' Health Organization.. 6 A vffli^ 
index- of health care is perinatal mortality, , or th€l total 
number of fetal deaths from 2S weteks gestation to birth, 
plus infant deaths from bifth through 28 days of age.. These 
treasures largely reflect the quality of medical care/ and 
are relatively leps influenced by^sotial factors.' When 
crud* ^perinatal mortality ratea are examined ^1973 ddta), 
the United States' does relatively better than in infant 
mortality, but still trails the leader, .Sweden, (table 6). 
Sweden, however, had only a 3.9 percent prematurity rate in 
1973,, compared, to 7.6 percent in the United "States. ' The 
iinportance^ of, this difference becomes appfnr^nt when* birth- 
weight-specific rates are compared (table 7). F«r each 
birthyeight group from 500 to 3,500^grams, perinatal mortal- 
ity is lower in the United Stateathan in Sweden or any 
other country studied. Perinatal mortality calculated in a 
wfey to adjust for the aifference in birthweight ^indicates 
that the United States, not Sweden, has the lowest perinatal> 
mortality rate when • standardized 6n a weight-adjusted basis 
(table 6). Thus, the care pregnant women and newborns 
receive in the United States is the best in the world for 
achieving newborn survival and not 14th best, as .has been 
claimed. ' The implication, however, is clear: if overall 
U.S. infant, mortality is to be deduced* and the world rank is 
to be ^improved, t j:he first priority in. research and patient 
car6 must b6 to lower the prematurity rate. 



TABLE 1. Maternal Mortality, United States, 1920-1979 
« * ' r- — ' i — 

Number of . Maternal Mortality Rate 

Year Maternal Deaths (Deaths per" 100,000 Live Births} 



1920 

1930 

1940 

1945 ■ 

1950 

1955 

1960 

1965 

1970 

1977 

1978 

1979 



N.A. 
14,833 

8,874 
'5,668 

2,950 

1,901 

1,575 

1,189 

"803 
390 

321 / 
270 (Provisional) 



J. 



799.0 
673.0 
376.0 
207.2 
83.3 
47.0- 
37.1 
31.6 
21.5 
11.2 
9.6 
7.8 



Compiled from National Center for, Health Statistics data \ 
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TABLE 2. Maternal Deaths and Mortality Rates, United 
^ States, 1970 and 1978 



* 






Maternal Mortality 


Rank Cause of 


Number of Maternal 


Rate (Deaths 


per 


Death • 


uea uns 


100,000 Live Births) 


(1978) 


1970 


. 1978 


19Vo ' 


1978 


1 Toxemia'*" 


142 


62 


, 3.8 


1.9 


2 Sepsis 


144 


61 


3.? 


1.8 


3 Ectopic 


.63 


37 


> 1.7 


1?1 


pregnancy* 










4 Hemorrhage* 


86 


36 


2.3 


1.1 


5 Abortions 


,128 


*16 


3.4 


0.5 


6 Other 


240 


109 


6.4 • 


.3.2 


TOTAL 


803 


- 321 


21.5 


9.6 








"~ \ 





Compiled from .National Center for. Health Statistics data 

*Many n>f the deaths from ectopic pregnancy could be combined 
with thos& from hemorrhage, vfiich is the usual cause of 
death in ectopic pregnancy* ' * 



TABLE 3/ Infant Mortality Rate, United ^States, 1915-1980 

* — \ 1 : « 



Year ' Rate (Deaths per 1,000 Live Births) 



1915 


1 


99.9 " 


1930 




64.6 .* ^ 


,1940 


• 


47.0 ' • 


1950 


- •• 1 


29.2 • V ; - 


"i960 ' 


. 26.0 ' . 


1965 


i 

, >- ' * ~ 


. 24.7 


1970 


20.0 - . • 


1974 r 




16.7 


1978 




13.8 • 


1979 


4 


13.0 (Provisional) 


1980 

* * 




. 12.5 (Provisional) . 


Compiled from National Center for Health Statistics data 









TABLE 4. Deaths Under 1 Year and Infant Mortality Rates, United States, 
* X970 and 1978 * 



& * ^ Infant Mortality Rate 

Rank* \ Cause of Death Number of Infant (Deaths per 100,000 

' Deaths * Live Births) 



\ 




1970 


1978 ' ' 


1970 


1978 


i * 


Congenital anomalies 


11,259 i 


8,404 


301.7 


252j.l 


2 


Sudden infant death syndrome 


Not coded 


4,963 


Not coded 


148.9 


3 


Immaturity, unqualified 


8,752 


3,677 


234.6 


110.3 


4 


RAfioiratorv distress svndrome 


4,459 


3,324 . 


119 . 6 


99.7 


* 5 


Asphyxia of newborn < 


9,438 


2,955 


252.9 


88.7 


6 


Hyaline membrane disease 


5,304 


2,667 


, 142.1. 


80.0 


*7 


Birth injury 


2,150 , 


1,851 


57.6 


55.5 • 


8 


Influenza and pneumonia 


6,303 
2,294 \ 


1,533 


168.9 


46.0 


9 


Accidents 


' 1,262 


' 61.5 v 


37.9 


10 


Septicemia 


.865 


1,093 *> 


1 23.2 


32.8 


11 


Conditions of placenta » 


. V, 2,281 


768 % 


61.1 


23.0 


12 


All other 


• 21,562 


13,448 W 


577.9 


403.5 


* 


TOTAL 

» \ 


74,667 ^ 


^45,945 


,2,001.1 . 


1,378.4 



Compiled from National Center for Health Statistics datl^" * 



TABLE 5. Prematurity Rate (Birthweight ^2 ,500 Grams), 
United States, 1950-£977* 



Year 



Percent Premature 



1950 

1955 

1960 

1965- 

1970 

1974 

1977 



»7.6 
-7.6 
7.7 
8.3 
7.9 
7.4 
7.1 



Compiled from-Natibnal Center for Health Statistics data 
*No national 'data obtained before 1950 




TABLE 6. perinatal Mortality Rates,* Observed and 
Standardiz-ed for Birthweight, United States and 
Other Countries 



Country 



Crude, Rate 



Rank S t andardized 

Rank"^ 



Rank 



V 



Sweden 


12.6 


1 


' 14.5 


2 


United States 


14.9 


2 


11.7 


1 


Japan 


17.0 


3' 


18.9 


.5 


Hew Zealand 


17.3 


4 


17.3 


3 


Austria 

A 




5 


• 18.2 


. 4- 


Source: World Health Organization 6 
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. TABLE 7. Perinatal Mortality Rates* by- Birthweight, 
* Uniteci States and Other Countries 



\ - Perinatal Mortality 1 Rate 

Country , ^ <2,5otf.Grams >2,500 Grams 



-l V 

Sweden 


197.1 


5.2 




United States 


141.9 


4.6 . 


r 


Japan 


• . ' 174.7 


8.1 




New Zealand 


201.9 


7.0 




Austria 


243.9 


' 7.8 


V 











Source: Worltt Health Organization 



*Perinatal deaths per 1,000 live births 



II. Pregnancy 

\ mm- 

Maternal Medical Disorders During Pregnancy 

The- growing fetus is totally dependent on the mother 
during pregnancy, and maternal diseases or nutritional 
problems during gestation ban have a major impact on the 
fetus. Some of these conditions, such as maternal rubella, 
have /bMjti thoroughly studied. Their effects have been well 
documemed and effective means of prevention have been 
developed. Others, such as pregnancy-induced hypertension, 
have beea studied, extensively but their pathogenesis and 
effects on the fetus are less well ufiher stood, and their 
treatment, although effective, is largely symptomatic. 
Recently, such conditions as maternal geni to-urinary infec- 
tions have been identified as possible causes of fetal 
problems. For some fetal abnormalities £nd for , congenital 
defects in particular, such as limb deformities, a causa- 
tive maternal disorder or exposure to a foreign agent is 
suspected, but the source has not yet been determined. 



Hypertensive Disorders in Pregnancy 

Hypertensive disorders in pregnancy include 'pregnancy- A 
induced hypertension (preeclampsia and eclampsi^^fcfoonic 
(preexisting) ^£gex tension, transient hypertQnjg&, pre- 
eclampsia supe/Timpdsed^on chronic hypertensiori^and other 
hypertensive disorders. Their combined incidence is 6 to 8 
percent of all pregnancies, although there are geographic,, 
temporal, racial,* arid possibly socioeconomic variations.' 



-> it ^ 

The disbrders predispose to cerebral, hemorrhage,* abruptio 
placentae, acute renal failure, circulatory collapse, 
disseminated intravascular coagulation, and other compli- 
cations. A-. They are a major cause of mat'ernal; fptal,^and 
neonatal morbidity and mortality, -and in som§ parts of 
the*worid, including the United States, they are the leading 
caus£ of maternal death. Nationwide, they account for two 
maternal^ deaths per 100,000 births, ^etal growth may be 
affected^ adversely, an<i the perinatal death rate ranges 
from 4 ttf .38 percent, depending upon the severity of the 
disease. 8-10 - ^ significant proportion of Surviving in- 
fants have 'neurologic and developmental defects. 

Hypertensive disorders are of ten .diagnosed inaccurately 
and -at time's are difficult to distinguish from each other. 
Most research has been directed toward pregnancy-induce* 
hypertension (preeclampsia-eclampsia) . Preeclampsia is the 
development of .hypertension together with abnormal edema or 
proteinuria, or both, after the 20th week of gestation. It 
is, rare before the 24th veek, unusual before the 30th, and 
increasingly common ks pregnancy approaches term. In some 
women it progresses to eclampsia, which is preeclampsia plus 
convulsions not attributable to identifiable causes. 
Preeclampsia is predominantly a disease of primigravidas, 
and the diagnosis. usOTifjr is erroneous .in multiparas. Its 
underlying causae is ^rfknpwn, and its treatment is sympto- 
matic, though generally effective. H»12 t 

Many tests haver been proposed to* predict which women 
will dfevelop preeclampsia, but none have been conclusive. 
The refractoriness to jfche pressor effect of angiotensin II, 
characteristic of norqrtl. pregnancy, is lost ^progressively 
over a period, of many weeks before" any clinical sign of 
preeclampsia* This* loss of refractoriness suggests that 
vascular sensitization is an early abnormality A$ The 
hitherto supernormal placental clearance of dehydroisoan- 
drosteronersulf ate decreases from 2 to 4 weeks before the 
blood pressure rises, and may reflect a decrease in placen- 
tal blood flow, an abnormality known to be associated with 
preeclampsia and possibly related to Ij^tal growth retarda- 
tion and «the fetal distress that, sometimes occurs. 1 * 
Neither of these tes-ts is sufficiently accurate, and con- 
fcinuejj^research is needed for the development of means for 
early detection of oncoming preeclampsia and for its differ- 
entiation from other hypertensive disorders* 

The etiology of preeclampsia has been the subject of 
much research, but it remains unknown. Although uterine 
blood flow is considerably reduced in preeclampsia, the 
reduction m&y be an effect, rather than the cause, for it 
also occurs in pregnant women with chronic hypertension. 
Nevertheless^ the "most popular hypothesis is %hat placental 
ischemia causes preeclampsia. 1* Experimental reduction 



of the uteiftne blood flow in laboratory animals haL&es 
* alleged' to r^ult in some, but not all, of the* changes seen 
in preeclampsia. Repetition of the research has failed 
to confirm the original reports. A major difficulty in 
these studies is that too great a decrease in uterine blood 
flow damages the fetus; if^the fetus survives, -fc collateral 
circulation is quickly established and may offset the 
Initial reduction. Further research may reveal ways to 
circumvent. these dif f iculties* 

, There is strong evidence for the hypothesis that a 
single recessive gene determines the development of pre- 
eclampsia and that .every woman homozygous for the feene 
^evelops^preeclampsiai* 1 ? The hypothesis poses a problem, 
• trowevex^f or 'it does not allow for known predisposing 
factors. Twin 'pregnancy, for instance, increases the 
incidence of eclampsia about 5-fold; fetal hydrops increases 
it 10-foJ.d; and* prijnigravidas are 8> times more susceptible 
to. preeclampsia than are_ multiparas. 11 Research is needed 
to confirm or deny the genetic hypothesis and to reconcile 
it wi^th the operation of predisposing 'factors. 



Research on" preeclampsia should focus on a subject 
population of primi gravidas, preferably aged less than- 25 
years. Proteinuria shoul4 be a requirement for diagnosis, 
even though it is usually a late sign. Followup studies of 
women diagnosed as having hkd preeclampsia show that ithe 
prevalence of chronic hypertension :is ' from 2 'to 4 times 
higher in those who had no proteinuria than in those* who 
did. In pregnancy, seemingly »acute hypertension without 
proteinuria ,is often a manifestation of latent essential 
hypertension and Ip not preeclampsia* (The characteristic 
renal lesion o$ preeclampsia is almost never found in the 
absence of proteinuria.) Also, many women with antecedent 
chronic hypertension, .even of severe degree, have normal 
blood pressures in midpregnancy, and when the pressure rises 
again in the 3rd trimester, the increase is often mistaken 
for preeclampsia. , * • 



Diabetes Mellitus ... 

Untreated .diabetes mellitus,is incompatible with 
successful outcome of pregnancy. As treatment of diabetes 
has improved, • pregnancy outcome has improved, but diabetes 
in pregnancy still constitutes a major problem in maternal- 
child welfare and* requires further research. Presently, 
maternal mortality is similar for both diabetic and notidia- 
betic women, but maternal morbidity is higher in diabetics. 
By meticulous prrfbatal supervision and early delivery 
(mostly by cesarean section), perinatal mortality in dia- 
betic pregnancy has been reduced to approximately 4 percent^ 
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but not to the level of the general population. 1? * In- 
creased Incidences of congenital anomalies, macrosomia, late 
Intrauterine death, and respiratory distress 'syndrome (RDS) 
remain significant problems* 

Pregnancy per se has a diabetogenic effect, arid some* 
women develop temporary abnormalities of carbohydrate 
metabolism, termed gestational diabetes; others may develop 
true diabetes during pregftancy. In both diabetes mellitus 
and gestational, diabetes, the intrauterine environment is 
unfavorable for the developing fetus. Adverse outcome 
correlates directly with the severity of the- maternal 
disease. 18 

With the development pf tests that assess fetal matu- 
rity prior '£o scheduled delivery >nd improved treatment 
for RDS, congenital anomalies and lady intrauterine death 
are now the major problems for the fetus in a diabetic 
pregnancy. .Research and treatment needs in the area have 
been^ summarized recently by the National Diabetes Advisory 
Boardt 1 ^ There is evidence that the decrease in perinatal 
mortality is attributable to better control of maternal 
blood glucose levels, and suggestions have been made that 
even more control from early pregnancy (or even before 
fertilization) might further reduce perinatal mortality and"* 
the incidence of congenital anomalies. 20 f 21^ studies to 
assess th,ese possibilities are currently underway. Methods 
for achieving more physiological control of glucose levels 
by portable or internal insulin infusion pumps, transplanta- 1 
t ion of pancreatic is^et- cells, and other techniques should 
furthej: improve glucose * homeostasis during pregnancy. In 
conjunction w^h these studies, it is important to assess 
whether the neurological and developmental status of infants 
of diabetic mothers treated by these methods is different 
from the status of conventionally trotted pregnant women 
with and without diabetes. 

Despite advances in treatment %/tfhe pathogenesis of the 
fetal effects of maternal d labels is still poorly— und^er- 
stood. Abnormalities of amino a<fra, triglyceride, and fatty, 
acid' metabolisn^ of the fetu^nave been identified,* but how 
these or other abnormalities produce the fetal problems 
remains elusive. 20, 22 Better "understanding of such basic 
metabolic aberrations could lead to further improvements in 
treatment- and outcome* 

*• * . ~j 

> . • ~* , 

Infeetious Diseases 

Perinatal defections pose high risKs for the fetus and 
newborn, but they ar^ often manifest only by vague and 
nonspecific symptoms* in the pregnant woman. Such' diseases 
can be transmitted from mother to fetus by transplacental or 

* ♦ 
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b^r ascending routes. In the first, a maternal bloodstream 
infeg£ion passes through the placenta, and in the second, 
whlcW^is more common, an inflammation ascends from the 
cervix. Fetal infections tend to occur near the time of 
delivery.-* • 

e * 

The ^etus is dependent upon the mother to provide 
^specific antibodies while it; is developing its own host- 
defense, mfecKanisms. The 'bulk of IgG antibodies in the fetus 
is m&tet;nal.' in origin, and it is the only tyge that is 
•able to* cross the placenta. Levels are low in the first 2 
trimesters, l but they increase rapidly in the last 3 mdnths 
of gestation. Under normal conditions, IgG is found in 
amniotic fluid*. Traces of IgA are also present, but IgM 
antibodies are absent. * Around the 11th week of gestation 
the -fetus is able to synthesize IgM antibodies, and an 
eleyated IgM value in cord blood signifies fetal infection. 
Cellular immunity i*s present at birth, and the newborn has" 
the capacity to express responses in vivo and in vitro. The 
development of the immunological system of the fetus, 
however, needs to be defined in more precise detail. 2 * 

A specific group of infections identified by§ the 
acronym TORCH (toxoplasmosis, other, rubella, cytomeglo- 
virus, and herpeaj 'represents a hazard for morbidity and 
mortality in the fetus and newborn. Betweeif 1 and 5 pei&ent 
of fetal malformations and a significant portion of deafness 
and mental retardation may be caused by these viral and 
parasitic infections. Xhe fetal consequences seem to depend 
.upon the maternal immunity to the infectious process, , 
the gestational age at th£ time the infection occurs, and 
other factors not yet well defined. 24 * 25 

For ascending bacteriaT infections , intrauterine- 
contamination -may occur with intact or ruptured membranes. 
It has been^ observed that with 'th'efr premature rup£ui?te, 
there is a marked variation in infant susceptibility to 
infection, which may reflect individual differences in local 
host-defense mechanisms., An antibacterial substance (zinc- 
protein complex)* has been identified in the amniotic fluid. 
Although its role is unknown, its activity increases towards 
term. 26 More research is needed to characterize such 
substances, determine their role in protecting the fetus 

from, infection, and assess their therapeutic potential* 

- *? 

Tfife association of maternal acute symptomatic pyelo- 
nephritis with prematurity h'as long been recognize*!. In the 
late 1950s it was suggested that asymptomatic bacteriuria 
during pfegnancy, which occurs in 3 to 5, percent of women, 
may also be associated with low BOWweight and increased 
perinatal/ mortality. 2 * 7 Studies sincdythen -have been in- 
conclusive, in part because they did n^t distinguish be- 
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# . tween infants that are premature By weight 'or dates and 
' | 4 those* that are small for gestatidnal age**, Nonetheless, 

evi3ence seems to support the association. between bacteri-" 
. j *uria/ reduced birthweight,' and increased perinatal mortal- 

ity.^ 8 Furthex&nore, studies have suggested that treatment 
<*"*of the infection reduces the incidence of low birthweight in 
* ' comparison to ^hat in an untreated group. *9 

The mechanism by which inf ^ctioYi 'affects prematurity is 
- * ' • uncertain. One suggested possibility is that the bacterial 

' . infection retards placental .growth and thus affects* f^tal 
growth. 29 'Release of corticosteroids from the fetal, adre-. 
nal in response to the infection, and telease of prosfcaglan- 
dins from the infected membranes have also been suggested as 
being responsible for early initiation <*f labor, and low 
birthweight. Other possibilities include effects of bac- 
terial encjotoxin, and depressed' -immunologic mechanisms 
either leading to*or resulting from the infection. 30 





•Another mechanism has recently, been suggested bytwhich 
either urinary -tract infections or vaginitis cbuld lfead to 
premature labor &nd «thus> to *an increased incidence of low, 
birthweight. 31 The studies are based on the hypothesis 
that human labor is initiated by phosphqlipase A£ con- 
tained in amniotic and chorionic membranes. This enzjme 
releases arachidonip acid from the phospholipids in the 
me.mbranes,, which /En; turn leads to*£he* synthesis of prosta- 
glandins. The' prostaglandins stimulate uterine contractions 
of labor v Many of the bacteria responsible -for maternal 
urinary tract infections, vaginitis/cervicitis, or intra- 
uterine infection were f oun<f .to be rich in pftospholipase 
A£ activity, and the phospholipase of these bacteria may 
serve as an exogenous source of the enzyme,' which can lead 
tb prostaglandin, formation drid thus to premature labor. 
This finding may-explain, at least in part, the association 
o£ low birthweight with these infections. < « 

Nutrition 

The total, dependence of the f etus/on the mother, sug- 
gests that nutritional problems of . the mother may be^te- 
flected in the fetus. It is difficult, however, to identify 
a direct adverse impact. Acute caloric undernutrition -of 
the mother ma^ have little effect, as shoVn*by studies of 
the offspring of* wome^n pregnant during the* forced -Dutch 
famine of 1944." Birthweight of these infants was bnly 
slightly reduced despite severe maternal calbric deficiency,' 
p . and long-term studies have shown n6 adverse effect on their 

Birth!and/ ^ physical growth or .intellectual function. % • • * 
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Chronic malnutrition poses a different situation, 
IM4, hoVever, with offspring of such women j|pneraliy smaller than 



expected. The^e is a high incidence of low birttiweigh): in ^ % * . 

developing countries, where protein-energy malntitritiidn £s „ 
endemic, but it* is difficult to assign * direct relator-" n . * / 
ship between the two due to many other factors thajplky / * ' 

affect birthweigfrt. Nonetheless, a number of intervention 

studies have shown a consistent, though small, increment in / t . " * 

birthweight ,wit\j 'supplemental feeding in pregnancy . 32 . > 

Behavioral, effects due to nutritional deprivation 'during 

pregnancy alone have not been clearly demonstrated, although" 

it has been shown that children whosfc mothers received food 5 J 

supplements during^pregflancy ^nd who themselves received Q 

supplements during infancy are more active 4nd socially^ more */ " * 

participative in school than non-supplemented children. 33 ^ 

Adverse cognitive effects have been reported* in early • * , \, 

childhood, but they become undetectable by sdhoot-a^e. " 
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• Hematologic Disorders ' - 

\ * Changes in the hematologic systflj^ during, pregnancy J' * 

involute blood volume, formed elemeitts^or cells, and the\' 
coagulation process. Total blood volume, mainly plasma, 
increases an average of 50 percent. .. Red blood T cfells iri-^ 
crease^30 percent- to accommodate the greater oxygenrre^ " 
quirements of the mother and .her developing fetus. Ttfe^ ^ 
\ discrepancy between the increase In 'plasm* and in red qelfs ' , * % ' * 
explains an initial fall in hematocrit, values during $reg-' 
nancy. For the mother,* fhese two changes, play a*protectiv^ ^ 
role against bipod, loss at delivery^* decrease 'in blood* 4 ^j' ' 
pressure due to sequestration of blobif^in the lower exfrem- J* - 
%l ities during the 3rd trimester. Still Another cfcang&/a • w 

& * decrease jftrblood viscosity, facilitates the circulation of 

an augmented volume -of blood. The white blood cell cpunt' • * 
increases slowly, With a peak value in % the 30bh week. of ? 
gestation, and is accompanied .by a concomitant heightened L 
bactericidal activity/ The platelets- remain basically '• 

unchanged. t . „ - , 

I Anemia during pregnancy has an incidence of up to 2Q/ . I * 
percent in some populations^ and is accompanied by higher* 
perinatal morbidity and mortality. 3 * Pregnant women with - 
severe anemia suffer morfe complications, such as eclampsia S ^ 
and infections, and their infants are lore frequently in the , 
low-birthweight category*. 3 S^^The mechanisms Responsible ' ' 1 * 

*" for these outcomes are not complet'e^Ly understood. ' . 4 

.* ' Maternal anemias may be nutritional in origin (defi- » ■ , 

». ciencies of iroh or folic acid) or hemolytic (shorter red 

celt lifespan). The letter group include$~patien£s with ' " Pregnancy, 
structural abnormalities of the hemoglobin molecuie, suclya*. ' the infant 

sickle cell disease. These patientSt/have an increased 1 
^incidence* of miscarriages and infections, and they produce * ' 11-15 
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infants, with intrauterine growth retardation, 36 No clear 
picture exists of tfie effects of various degrees of ^hronic 
•anemia on the fetus or on fhe progress of pregnancy and v 
labor. For the fetus, trie safety ami benefit of various 
schemes used'ln the treatment of -maternal hemoglobino- 
pathies, such as frequent transfusion for pregnant women 
with sickle cell anemia, remain to be determined, . 

*• • • * 

Coagulation problems during pregnancy are rare dis-v 
orders. When they are present, however ^they are^associated 
^ith a variety of complications, including* placental separa- 
tion, eclampsia, and fetal death. 37 

# ' * • • • * 

-Malformations of the Reproductive Tract 

Malformations of the maternal reproductive t£act may 
have an impact oh pregnancy by increasing the likelihood of 
fetal loss or of premature labor ana delivery. The* overall 
incidence of loy birthweight in the of f spring «of patients 
with Malformations of the reproductive tract is about 30 
percent. 3 8>39 

; i 

The cause of abnormalities .of size or shape of the ute- 
rus iB generally unknown* Recent epidemiologic evidence has 
linked utepirog aqd vaginal malformations to administration 
of diethylstilbestrol (DES) At the time the woman herself 
% was developing in her mothers uterus ("DES daughters") A 0 
This treatment was provided , in the 1940s in an attempt to 
prevent miscarriages in high-risic women. Two-tTiirds v of 
women exposed to DES in utero have been found to have sub- 
stantial changes ift their uterus. The DESrexposed grofcp has 
also ha<f a significantly higher incidence df" unfavorable 
outcomes of pregnancy o thai* unexposed controls. Further 
study of the effects of DES and, other agents- is needed, 
along with research^to overcome problems with pregnancy 
presented by such malfunctions. ' « ' 

Adolescent Pregnancy 

*The association of adverse outcomes of pregnancy during 
teenage years, for both mother and. infant; came to national 
attention in trie 1960s an<f I97bs. Epidemiologic data irfdi- 
cated that one-fifth of all births were to teenagers who, 
particularly at younger ages, % had a 'higher maternal mor- 
tality rpte, a 2-fold higher incidence of low birthweight 
infants, and. 25 percent higher perinatal mortality.* A 
number of studies have provided data indicating that, above 
age 15-16, much of this increased risk can be eliminated "By 
eatly prenatal medical care. Below this age there seems to 
be inherent biologic rifek .to pregnancy for which even 
medical care cannot compensatt.^V^ 



k Research has been directed to the social consequences 
of teenage' pregnancy. Data indicate that without inter- 
vention, 80 percent of women who deliver before age 18 do 
not finish high school, and 40 percent of those who deliver 
before age 15 do not finish 8th gra^e. One-th v ird of pregptant 
teenage women become pregnant again within 18 to 3cTmonths^ 
/after their first childbirth, ■ 



Environmental Risk Factors ; * 

Over the last 40 years, inc/easing numbers, of reports 

have appeared that lipk environmental /actors and pre'gnancy 
, outcome. These factors include drugs prescribed for maternal ' 
^ diseases,, chemical pollutants in the atmosphere and in food, . 

and radiation. They are^ijyjortant because of their adverse > 

effect on the fetus. Toxic effects are "not'T.imlted to 

anatomical malformations but may include biochemical, 

physiological, and(or) behavioral defects of varying degrees , • 

of severity. ^The concept that the maternal organism acts as 
; a protective shield /toward . her fetus has been revised by the 

knowledge that although sbme^ substances are kept out, the . 

majority of foreign compounds administered to the mother 

reach the developing organism and are distributed within 

it. * ^ 

The ability of the fetus to dispose of foreign com- , * < ^ 

pounds changes throughout, pregnancy. The most important 
route for epc^retion is the mother. Molecules that origi- 
jtally. traversed the placenta to the fetus may be returned to • " 

the mother for appropriate elimination. Some chemicals may . ^ 
be unchanged; others, depending on the type of compound *and 9 * 
Stage of development of a particular fetus, may undergo 
enzymatic changes to a compound thit.is less, or • more' toxic. * 
Th.e 4 .compound may interact with fetal receptors and produce 0 . ' 

-an immediate\eff ect, interfere with the ongoing process of . \ 
grttwth and maturation, or be deposited in tissue* or organs 
and.be responsible 'for unexpected and(or) - undesirable 



postnasal effects. 



Drugs ' • . . " ~ 

Drugs given to the mother during pregnancy can also, 
affect an immature and developing fetus. Observed effects 
include: mascalinization of the .female fetus by progestins 
metabolized into androgens-; fetal hemorrhage and altered 
bone development* induced by anticoagulant therapy; jbehav-"\ 
ioral alt£rafriona_jjL^ehildren caused by tranquilizers 
.administered to the mother; adgtloc&rcinoma 6f the vagina in 4% ^B^and 
young wome&^exposed in ufcero to 'diethyls tilbestrol; and 
teratoMnic*effects of drugs-like thalidomide and hydan- 
t^in.* 3 ~ 51 Of the large number of drygs that may be used . 
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during pregnancy, only a few have been studied for safety 
during gestation. . % \ 

In recent years drugs have been administered to treat 
Jthe fe^us rather than tire mother. Technical. advances in 
prenatal diagnosis apd recognition of* acute or chrqpic fetal 
diseases "have madffi it possible to develop some effective 
therapeutic ap^roacras. 

The study of '(Hie metabolism of certain drugs has 
provided information^ regarding their capability for fetal 
enzyme induction. PhSMbarbital, for example, was found to 
stimulate the activij^y o\jhe glucuronide conjugation enzyme 
system in the fetus. ^T/is physiologic alteration has had 
therapeutic applications for the newborn with hyperbili- 
rubinemia. Administering phenobarbital to the mother before 
delivery improves the infant's ability to metabolize bili- 
rubin. 52 Intrauterine infections have teen treated in 'the 
fetus with antibiotics, and pulmonary maturation (in order 
to prevent neonatal RDS) has. been indeed with steroids, 
thyroxine, a'nd aminophylline. Many studies have evaluated 
the transplacental passage of antibiotics; some antibiotics 
have been found more effective than others , «&nd some have 
toxic ef f ects 4 on the fetus . 53 » 54 Questions of long-term 

effects of prenatal steroid treatment remain unresolved. 55 

• * 

Alcohol Ingestion ' ~ , 

Ethenol is a drug recenrtly recognfzed as being hazard- 
ous to the developing fetus. 56,5/ Excessive drinking 
during pregnancy may' result in offspring afflicted by the 
fetal alcohol syndrome, whose main features inolude; pre- 
and postnatal growth deficiency in height, weight; and head 
-circumference; brain dysfunction (of ten. mental retardation); 
and a face that shows short palpebral fissures, 0 small 
eyes, and small mid-area. The incidence has been calcu- 
lated at about 1 per 1,000 live births, and the risk that 
'the fetus will be affected is between 30 and 50 percent 
for a pregnant woman who v drinks heavily. It is not clear if 
the toxic chemical that is responsible is' ethanol per se or 
its breakdown product, acetaldehyde. . As with other drugs 
administered during pcegnancy, it is important to clarify 
the mechanisms that operate at various stages of develop- 
ment, the threshold dose, and the characteristics that may 
make an individual fetus susceptible. 

Drugs of Abuse 

* Addiction in pregnant women is accompanied by drug 
dependency in the fetus/ Withdrawal symptoms occur in 
fetuses and have been recognized as early as the 6th month, 



coinciding with maternal symptoms*. .Neonatal withdrawal has 
> been 'dbserved in nurseries. Medical or obstetrical compli- 
cations also increase for the' addicted mother. Nearly 50 
^ percent o£ addicted women many suffer anemia, cardiac 
disease, hepatitis, hypertension, pneumonia, or venerkl 
disease. Neatly hal^of such patients 'have had no -prenatal 
care, and lC^to- 15 percent have .eclampsia and may deliver 
prematurely.^ Other obstetrical complications include early 
separation of ttfe placenta, miscarriage,, premature labor, 
and postpartum hemorrhage* 58,59 The- exact rolji of the 
drug in theVe complications is not clear , because of t the 
difficulties in isolating the various confounding factors. 

• ■ ' ' • '( ■ .* • 

f Smoking - ^ , ^ - • 

» A woman wh'o smokes during pregnancjT has an increased 

. ri§k of giving birth^to a low-tiirthweight* infant; This 
^relationship is independent , of factors known to* influence 
birthweight, such. as race, 'parity, maternal size, bqcIo- 
economic status, and sex of the child. Several studies 
• suggest that these children may have* minimal but measurable 
deficiencies in their long-term intellectual development 
and, behavioral characteristics. These, findings need to be 
verified. Associations have also been found between mater- 
nal smoking and miscarriage, ^ow implantation of the Viae en- 

* ta and placental f abruption, perinatal lQsaes, and SIDS. Tl 
explanation for the effect of smoking may be related^ 
intrauterine hypoxia. 60 ^ « , 

, Radiation s t . 

\ . ' - 

In general, the developing human organism seems remark- • 
ably tolerant of low level* of ionizing radiation, as 
evidenced by the minimal effects on pregnancy of exposures 
at Hiroshima and Nagasaki. 61 Nonetheless, it is agreed 
that exposure should be kept to a minimum. Hazardous 
radioactive Isotopes of iodine used in diagnostic imaging 
g procedures' 2 have been replaced by a safer compound, 
Technetium 99, from wh^ch the patient receives a much lower 
level of radiation. Radiological procedures are limited to 
. patientg. for whom, after a risk-benefit evaluation has been 
undertaken, the procedures should not be postponed. The new' 
physical diagnQBtic techniflues, such as ultrasound, appear 
safe for bot^ mother and fettis. Long-terms^ollowup studied, 
hbwever, have not been completed. * * 

Workplace Hazards ' * 

m '* There is concern that occupational exposures 1*> chemi- 
cals or toxic agents may result in miscarriage, malforma- 



tions, or infertility. These exposures maynot "be limited 
to the workplace, since *sudh chemicals can* be carried on 
clothing from the^woriq&ace to the home. The health hazard 
m^y be greater to£the developing fetus than to the mother, 
and effects may occur without warning signs or symptoms in 
the mother. The mechanism 1 of action upon the fetus is 
'similar to that of various drugs, and the hazards of many of 
these exposures are unknown. ^ x 

.<* 

Exercise 

With. an increasing proportion of women engaged in 
\ vigorous exercise, both as members of the work force and as 
participants lq sporfs or fitness programs, the question of 
9 the -effects of maternal exercise in producing,, fetal hypoxia 
becomes important. 63 These effects may be different in 
women who routinely exercise heavily and in those who do 
not** In the absence of evidence, some physicians recommend 
that pregnant women refrain from such activities as* scuba- 
diving, long distance, running, and mountain climbing, to 
a^oid fetal hypoxia. Information is needed on how maternal 
^ physical exertion is^tolerated by the fetus, and wfyht 
restrictions of maternal activity are needed, if any^ 



Evaluation of Fetal Status - 

As described earlier, .disorders of pregnancy as well as 
problems inherent in^the fetus can adversely affect the 
fetus. During the last tvjo decades, tests for assessing 
fetal status have been developed. * Methods are being further 
developed that assess genetic makeup and physical intactness 
of the fetus", the extent of the influence of maternal 
nutrition problems on fetal health, the likelihood that the 
fetus can continue intrauterine existence safely, and its 
readiness for extrauterine existence. ^ 




Erythroblastosis Fetalis 

In 1940, He llman demonstrated the firs t successful 
prenatal fetal therapy by "'treatlng^he mother witG^tamin K 
during labor to prevent hemorrhagic disease of the new- 
born." 4 The first disorder for which both intrauterine 
diagnosis and fetal therapy were possible is . erythroblasto- 
sis fetalis, or Rh hemolytic disease. A mother in *this 
condition lacks the Rh, antigen in her red blood cells (Rh 
negative), becomes sensitized to the Rh positive cells of 
her fetus, andtproduces antibodies to them. These anti 
bodies cross tjie placenta and destroy the fetal red blood 
cells. Anemia, jaundice, and hydrops fetalis result, and may* 



lead, in severe cases to fetal death or neonatal morbidity. 
In 1956, Bevis demonstrated successful j*?e of trans abafc^nal 
amniocentesis in the, 3rd trimester to obtain an amniotic 
fluid sample for spectrophotometric analyis of bilirubin 
levels* to assess how severely the fetus was af fected.^5 
Using this method of diagnosis to assess the need^for 
treatment, Liley in 1963 developed the first direct intra- 
uterine therapy, which wa* to treat ^anemia by the infusion 
of blood into the fetal abdomen by* means of a long needle 

Although these techniques are still in use, the devel- 
opment of Rh immune globulin (RhoGam) to prevent maternal 
sensitization (see below) , has markedly decreased fche. inci- 
dence of this -disorder and reduced the need for this pro- 
cedure. The techniques themselves illustrate twcrlnajbr 
points: (1) the fetus is approachable as a patient and is 
amenable to therapy, and (2) accurate diagnosis is a neces- 
sary predecessor to fetal therapy. 



Prenatal Diagnosis*of "Genetic Diseases 
and Congenital Defects. 

The severity, progressive nature, and lack of correc- 
tive treatment for many genetic disorders and congenital 
defects have caused parents and physicians to focus atten-< 
tion on their prevention. Prevention can be, primary — that 
is, intervening before the condition develops; secondary— ' 
intervening after the abnormality exists but before it has 
adverse effects; or tertiary — avoiding permanent damage from 
the adverse effects. 

. Jhe cause of^af^ny genetic 'diseases and congenital 
anomalie8%8 not known, and thus how to approach their 
primary prevention is not known. Many etiologies, for 
example, have been suggested for neural tube defects (NTDs), * 
which include anencephaly and spina bifida — such as eating 
blighted potatoes 67 — but the cause *fcjfettis anomaly has not 
been identified? A vitamin deficiency has recently been 
suggested as a possible cause. 6 ** Multiple vitamins were 
administered prior to fertilization to 178 women at high 
Tisk whc > Saa"T M 5 percent statTiHEIcaTprobaM^ of haying 
an affected infant. Only 1 infant (0.6 percent) was af- 
fected • Further trials of this promising primary preven- 
tive means are under way. 

Other methods of primary prevention generally involve 
some form of avoidance. Certain drugs, such as thalidomide, 
are known to be teratogenic to the developing fetus and are 
thus to be avoided in pregnancy. The possible adverse 
effects on the fetus of most drugs, however, are unknown. 
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A' successful example .of avoidance of a teratogen is the 
syndrome of supravalvular aortic stenosis and pental re- 
tardation associated with high maternal vitamin D intake 
during pregnancy. 69 This syndrome seems to have almost 
disappeared with the restriction of vitamin D supplementa- 
tion in the 1960s. For most foods and f ood , additives , 
however.,, even more so than for drugs , safety for the* fetus 
has not been studied or established. 

Research in recent years has identified the basic 
defect for certain genetic diseases, and cartier 'detection 
for some of them htfs been made possible. Primary prevention ' 
of thes$ disorders involves" screening, either pre- or 
post-maritally. The broadest application^ .this preventive 
method has been in screening programs for Tay-Sachs disease 
and sickle ceil anemia. 7 ^ & « , ✓ 

In the past 15 yeard, researchers have been able to 
develop approaches involving various techniques for detect-* 
ing fetal abnormalities . in utero. The major techniques 
developed for prenatal diagnosis are amniocentesis! ultra- 
sound, fetoscopy, and alpha fetoprotein screening* 



Amniocentesis , 

Midtrimester transabdominal amniocentesis for prenatal 
.diagnosis was^ developed in the^4^tel3L6.0s > following the 
'demonstration that fetal cells in amnionic fluid can be 
grown successfully in tissue culture, for study of the 
chromosomes and enzyme activities. 71 By withdrawing 20 cc 
of amniotic fluid at around the 16th week of pregnancy, 
culturing the cells, and analyzing their chromosomes or a 
specific enzyme activity, it impossible to diagnose before 

20 weeks gestation any^iromosome anomaly, such as trisomy • 

21 or Down syndrome, aiid many metabolic disorders, such* as 
Tay-Sachs disease. jSincte the initial intrauterine diagnosis 
of galactosemia in 1968, 72 it has become possible/by 
amniocentesis to diagnose in utero approximately 100 genetic • 
metabolic diseases. Studies of the accuracy and safety of 
this procedure have shown that diagnostic accuracy is in 
(excess \of 99 percent and that' performing amniocentesis does 
not significantly increase the risk of fjfcftl loss. 73 " 75 - 
There is a slight r^sk to the fetus, since^clear instances 
of fetal demise apparently caused by amniocenteses haye been 
reported, but the frequency is probably less than 0,5 
percetrf. 7 ^ » . * 

Applications of amniocenteses for prenatal' diagnosis 
-have been extended recently by the* use xJf gene probe tech- 
niques to diagnose' disorders in fetal amniotic fluid celJLs 
that previously required a fetal* blood sample. Sickle 



cell disease is one example. 77 This \ technique holds great 
promise for diagnosing other disorders. 

Amniocentesis has also made possible secondary preven- 
tion in the form of intrauterine, treatment of a disorder 
before its adverse effects are manifest. Such prevention 
has been accomplished in the case of methylmalonic acidemia, 
by administering high doses of Vitamin B12 to the mother 
during pregnancy. The treatment was continued directly with 
the infaiit postnatally, athd'its growth and development have 
been normal, rather than the expected early disability and 
death* ° Similar success has recently been achieved with 
prenatal treatment of congenital biofcin dependency. Re- 
search may identify other disorders *f or: whicji fetal treat- 
ment is possible. 

Research id needed to broaden the' applicability of • 
amniocentesis. The underlying, defect in some disorders, 
such as cystic fibrosis, must be known in order to make 
prenatal diagnosis possible, and recent progress in this 
effort has been reported j?9 Other diagnostic methodolo- 
gies, such as cell fusion and spectrometry, hold promise. 
Use of amniocentesis would be enhanced by developing tech- 
niques to reduce the time required for feU. growth in tissue 
culture and by improved automation of Idfpratfcry procedures 
and karyotyping. CejjLl sorting devices improved to select 
fetal cells from a maternal blood sample and provide pre- 
natal diagnosis from these fetal cells without %he* need for 
amniocentesis could make it possible to offer prenatal 
screening^for cytogenetic anomalies in all pregnancies. 
There is need for research directed toward idlhtifying the 
pathogenesis and etiology of these disorders, and for 
development of improved methods of primary ot* secondary 
prevention. * 

Fet08copy and Placental Aspiration « 

Fetoscopy' involves insertion of a -small fiberoptic 
endoscope through the abdomen into th^. uterus. The instru- 
ment permits direct visual examination of the fetus and * 
fetal . blood sampling by puncture of- a fetal vessel on the " 
surface of the placenta. Aspiration of a mixed maternal- 
fetal >lood sample from the placenta can also be performed* 
with a needle without using a fe to scope. 

- Visual inspection of the fetus makes po&sible the 
diagnosis of genetic diseases characterized by specific S 
malformations^such' a^golydactyly of Ellis-van Creveld* 
syndrome, and clarification of some anomalies, such as site 
and extent of a meningomyelocele .80 



9btaining a fetal blood sample makes it possible to 

diagnose hemoglobinopathies, such as beta thalassemia and 

sickle cell disease, and hematologic disorders/" suchjas 

hemophilia, not diagnosable from amniotic fluid cells." A 

fetal skin biopsy can .also be obtained to diagnose other 
disorders. 82 



this technology, while in an early stage of develop- 
ment, has potential applications beyond prenatal diagnosis. 
By providing access to the fetal blood stt earn, it may permit 
the introduce ibn of medicines, cell transplants, and even 
genetic material directly to the fetus, for treatment or 
correction of genetic disease or other developmental prob- 
lems. Improvements needed for these applications, as well 
as for broader diagnostic «use, are better instrumentation to 
provide a broader field of vision, the capability of can- 
nulating fetal blood vessels, and reduced risk of the 
procedure for the fetus. ' 1 

Ultrasound 

An 'important advance in obstetric^ during the past 20 
years has been* the use of ultrasound for viewing the fetus 
and placenta and for recording fetal heart rate. An out- 
growth of theA development of sonar for submarine warfare 
in World War II, its use in obstetrics was pioneered by 
Donald in Glasgow, 83 Sunden in Sweden, 84 an< | Holmes" 
and Hellman 8 ^ in the United States. Present instruments 
provide images* with a resolution of 2 mm. 

* Ultrasound has many capabilities in prenatal 'diagnosis 
of genetic disease and congenital defects. As an adjunct to 
amniocentesis f it can locate the placenta (so the needle can 
be directed N^way from it) and the fetal position, assess 
possible fetal death (by absence of fetal he^rt motion), 
diagnose multiple pregnancy, and measure biparietal diameter 
to date the pregnancy more precisely .87-94 The latter is 
particularly important in studies of amniotic fluid alpha 
•fetoprotein, discussed below. Ultrasound is aly> important 
as a diagnostic tool in its own right. It is extremely 
accurate. in diagnosing anencephaly, and can detect internal 
and external structural defects, such as renal anomalies and 
meningomyelocele. Recently success has been reported in 
prenatal diagnosis of congenital* heart disease. 81 

Ult rasound requires further improvements in instrumen- 
tation* and refinement * in operator techniques, to increase 
diagnostic accuracy and potential. No short term human 
safety ..hazards have been identified at the exposure levels 
used. 55, 96 Systematic long-term human studies have not, 
been performed, but present data suggest no hazard. Mea- 
surements of the amount of • energy received. by tissues would 
be useful to provide reassurance on safety. 
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Alfrha Fetoprotein 

Alpha fetoprotein (AFP) is a protein that is normally 
produced in fetal life. After' that time production virtu- 
ally^feases. Pregnancy is the only normal condition in 
which AFP is measurable above 1 or 2 nanograms per milli- 
liter in adult serum; in this case it is made by th£ fetus 
and passes into the maternal circulation. 

I . In 1972, it was determined that AFP levels were ele- 
vated in amniotic fluid in pregnancies in which the ffetus 
hacL a neural tube defect (anencephaly , meningomyelocele, 
open spina bifida), 97 and later demonstrated that maternal 
serum AFP ley^s also were elevated^ in such pregnancies. 98 
These discoveries made possible large-scale screening for 
this category of severe birth defect** which affects approx- 
imately 5,000 newborns each year in^the United States. 
Metabolism and norms for AFP levels in amniotic fluid and 
'maternal serum for each gestational, week have been identi- 
fied, and the assays have been/ simplified and are poten- 
tially available commercially .81 Pilot studies have 

demonstrated the safety and limitations of the accuracy^of 
technology. ^9-1.01 




As a screening procedure based on population norms, 
however, serum AFP is complicated by false positives and 
false negatives* Nearly ali the false positives can be 
eliminated in the next^stages of the screening process 
(repeat jserum AFP;, sonogram, amniotic fluid AFP), so that of 
10,000 pregnancies screened by measuring maternal serum AFP, 
one or two normal fetuses will eventually be, incorrectly 
diagnosed as having a neural tube* defect (NTD).*02 De-* 
pending on the cutoff percentile' used in the initial screen 
(serum AFP), about 10 to 15 percent of fetuses wit>^Sn7NTD 
will be missed.' Moreover, fetal problems othej^uian NTDs 
can elevate AFP levels. 

Several supplementary tests have been studied in 
efforts to overcome .the problem of false positives and false 
negatives in AFP screening. The tests showing most promise 
are amniotic fluid acetylcholinesterase, cone ana valin-A 
non-reactive AFP,' and' D2-protein.l°3~105 Further research 
to improve these tests, and a search for "others to improver 
diagnostic accuracy, is of importance in refining screens 
foraNTPs. 



Neonatal Screening 

For some disorders, screening in the newb'orn period 
rather than prenatally offers an opportunity for secondary 
prevention* The best known of these disorders are phenyl- 
ketonuria and galactosemia. Diet thefapy for them* prevents 
the. adverse effects from becoming' manifest. Screening for 



> amino-acidurias is also done in some areas. 10 & -A highly 
^ accurate newborn screenirig • program for congenital hypo- 
thyroidism has, been, developed, with treatment effective in 
preventing mental retardation. lQ 7 Investigators have also 
identifi^^other genetic disorders that can be diagnosed in 
the newborn period. Treatment for 4 some, such as maple syrup 
\irine' disease and th.e urea 'cycle enzyme defects, is effec- 
— ^ tive in pWenting de^th, or developmental disorders. 108,109 

. \ 

( . 

t Assessment of, Fetal Growth and-Position •< 

The development; of ultrasound also has permitted 
. evaluation of fetal growth. Detailed norms have been 
established, as described above, that are useful in diag- 
nosing intrauterine growth retardation ( IUGR) . 
Typically, fetal body measurements become disparate .from 
head size, which is unaffected until very late in IUGR. 
Making the diagnosis of IUGR is important for managing preg- 
nane^/ for assessing the effect of maternal disease on the 
fetu*, and for anticipatory treatment of, the infant at 
delivery and in the newborn nursery. Knowing that fetal 
growth is proceeding normally is) reassuring in management 
of a complicated pregnancy. Ultrasound also permits easy 
diagnosis of multiple pregnarfcy, which is important for 
management as wfegLl 3s for distinguishing it from polyhydram- 
nios when uterine growth seems excessive. It avoids the ' 
need for X-rays to mkke thes* diagnoses and thus eliminates 
a radiation hazard to the fetus. Fetal position also can be * 
determined by ultrasound , e to assist in managing labor. aitd 
deliyety. . - 



Assessment of Fetal Maturity / > 



Te frbfr hav ttL also beeto developed to measure fetal bio- 
Chemical ah<j>riysiologic maturity. They are of particular 
importance in three major circumstances: (1) when labor 
' begins prematurely; (2 1 ) when fetal problems are indicated by 
the 'results of tests of fetal well-being, and (3) when 
delivery is being Scheduled, whether by induction or by 
<;esar>an, either^ elective!^ or due to maternal disease. 

A major risk involved it* delivery before full maturity 
-is that the infant will develpp respiratory Mistress syn- 
dtome (RDS). f In this "disorder the lungs have not yet begun 
to manufacture sufficient jiurfactant to keep the alveoli 
from collapsing. Treating RDS is difficult, prolonged", and 
mostly, and even with treatment, many severely affected inr 
fants die. The ability to determine whether surfactant is 
present i* critical to timing of delivery. 
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In the early 1970s, biochemical tests became ^v&ilable 
to assess fetal lung maturity. These tests require a sample 
of amniotic fluid obtained by amniocentesis.. One test, the 
lecithin/ sphingomyelin ratio (L/S rati^J£J^ measures the 
relative amounts of these phospholipids. A^ratio above 2 
appears around 36 weeks gestation and indicates .the presence 
o ^sufficient pulmonary surfactant for neonatal lung func- 
tion without RDS. Availability of this test has 'had 'a 
profound effect on obstetric practice, and potentially can 
eliminate the problem of iatrogenic prematurity. 81 

'A simpler version of this test is the "shake test," in 
which ttie sample of amniotic fluid is diluted -with saline, 
mixed with methanol, and shaken. The bubble formation at 
the air-liquid interface is- observed' and graded.* 11 
Although* the test correlates well with the L/S ratio and is 
quicker and simpler to perform, it is less precise and less 
accurate. 81 i 

More recently the L/S ratio has been expanded to create 
the "4 u *g Iprof ile." 112 > 113 This ffest improves the preci- 
sion of the L/S ratio, particularly in diabetic pregnancies. 
Further refinements of 'this type of biochemical assessment- -a 
of fetal maturity are under -development. 



Assessment of Fetal Well-being ■ _ . 

Fetal Motion " ' 

* ~~ —~ " ^ * 

Observing fetal motion, has been made possible by the ^ 
development of real time ultrasound. The most frequent ap- y 
plication of this capability 'has be'en to determine whether^ 
or not the fetus is alive by assessing fetal heart motion. ' 
Ultrasound detection of fetal* movement has also been used ta 
evaluate fetal' distress. Fetal breathing has been the most 

studied in this regardv^ 1 * » n 5 ' Some investigators have / 
rf6ed a comlbfnation^of fetal breathing, fetai motion, fetal * 4 , 

heart rate, beat-to-beat variation, and amniotic, fluid vol- 
ume to predict fetal distress, and they have found that the 
combination reflects true fetal distress more accurately 
than any jingle factor. U6 t 

Fetal /blood flow in the aorta and umbilical vein can 
also* be measured by ultrasound. Studies usfng these mea- 
surements are important because changes in fetal cardiac 
output may be one of the best indicators of fetal distress. 
The search for other applications of ultrasound to assessing 
fetal distress is continuing. 
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Pregnancy, 
birth, and 
the Infant 



Fetal Organ Function 

The fetus and placenta produce increasing amounts of 11*27 



estriol as a normal pregnancy progresses toward* term. Es- 
triol is the end-product; of the convesion : of qholesterol to 
dehydroepiandrosterone in the. fetal adrenal, fhe 16-hydroxy- 
lation of that compound by the fetal liver, and the aromati- 
zation of 16-OH-DHEA to estriol in the placenta. . Abnormal 
function in any of these organs may result in a reduped 
level of estriol in the .maternal bloo<t or urine. Invest!-- 
gators have found that a sudden 'decrease in urine estriol 
level dicing 'pregnancy or a very low value throughout 
pregnancy Xs associated with increased perinataf%ortal- 
ity. 1 *: 7 Since this finding, other investigators have 
shown th^t the. test of .estriol level is helpful in evaluat- 
ing the fetus. HorWl some studies, suggest*, however, * that 
the high false positive v rate^6f the test may too often lead 
to iatrogenic preterm delivery of normal fetuses. 122 
Investigators are currently evaluating the us§ of measure- 
ment of unconjugated estriol in matetm^l plasma by rapid 
radioimmunoassay as an alternative screen for fetal organ 
dysfunction, to £void the problems associated with J$-hour 
collections for urinary estriol measurements. ' 



Fetal Heart Rate Responsiveness 

. V y" . < ' 

The fetal heart rate may also be' utilized to^evaluate 
fetal well-being during the last trimester of pregnancy. 
Two techniques are .mpst frequently used today. The first," 
the stress test (the pxytocin challenge test), 123 is based 
• upon the fact that an oxygen-deficient fetus will respond to" 
a further acute deficiency, created by a uterine contraction 
initiated by oxytocin .'administration, with a late decelera- 
tion of the fetal heart rate> In the hands 6f an expert, it 
has a very low false negative rate (3 per 1,000. fetal deaths 
within one 'week of a negative test). However, there is 
still an unacceptable, high false positive rate'. * 

The second antepartum fjetal heart rate test fof fetal 
well-being, the non-stress test, is ..based ■ upon the, f act that 
a normal fetus^will have frequent heart rate accelerations 
associated with fetal movement. This test ifc somewhat 
easier to perform than the contraction stress test and is 
prcTbably the most frequently used method. The test has a 
low 'false negative rate (4 to 5 per, 1,000 fetal deaths 
within one week of a reactive test). but <£very high false 
positive rat^ ' 

j£A frequently emplpye'd approach is to use both the 
stress and non-stress tests, with the ^tress* test performed 
only if the fetus is* nonreactive f during the non-stress test* 
The fetus may be nonredcUve due to maternal drugs, fetal 
sleep states, hypoxia, and a variety of other factors. * In ' 
this «tes ting scheme, a major unanswered question* arises as 
* • • 



to which test, stress or non-stress, gives a better indica- . 
tion of fetal distress.. * • *" 

Other, more reliable tests of f6t£l *ell-bein£ need ,to 
be developed One -*est that may fill this need hut requires 
more technical and conceptual development is the electro^ 
mechanical interval 'of the 1 fetaL heartbeat. Studies have 
shovm that the interval is prolonged in chronic hypoxia. 1 ^ 
The consistency of this finding and its clinic^ usefulness* 
have not been demonstrated. * f. »' 

III. Birth .- . 

The time of labor and delivery presents two major' 
potential 'hazards to the fetus: prematurity and birth 
'injury. Prematurity is associated -with over 60*percent of 
all_ infant deaths, and adverse occurrences during labor 
and delivery are. estimated to account for 20 percent of 4 
stillbirths, 20 -to 40 percent of cerebral palsy, and 10 jj 
percent of severe' mental retardation.^1 Reducing these* 
hazards requires research on the factors that maintain 
pregnancy and initiate labb*, t)ie normal and abnormal 
processes of labgr and delivery, maternal and fetal re- 
sponse's to these stresses, .and methods *to detedt and deal 
with abnormal responses. * \ * °\ 



NorrrMu ^fid Premature lat 

intenance of Pregnart6y 




The primary hormonal factors tftesponsible for initiating 
and maintaining ^pregnpncy have been established. Less clear, 
^is the role of other tact ors, such as relaxin.- Studies have 
demonstrated- that this hormone is elevated in plasma** at. the 
. time of the first menstrual period missed after fertili- 
sation #nd that it suppresses spontaneous contractile 
activity of the human myometrium. ^he mechanism of 
action of retaxtn'and the question of whether this pechanism 
is defective or whether hormone levels are inadequate in 
womeh with premature labor remain to be elucidated. 

The, chorioamniotic membranes also play ah Jmpo # rtant 
role in maintaining pr«nnncy. Their premature rupttCre is 
a significant cause of /premature* delivery and infectious 
morbidity. Under normal conditions these membranes are 
stronger at preterm than t,hey are at term. Studies haW 
suggested that women whose membranes rupture prematurely' 
have a defect in. the str-ength of these membranes, and 
investigators have postulated fjirther that such weaknesses, 
might be due to environmental factors such &a lead or other 
toxic substances. ^7 K .t j \ „ 



Initiation of Labor 

- Much of the research* b.n the initiation of labor'has 

\ '1>een done in sheep. The mechanism of a rapid increase 
in Cortisol levels, associated with, an increase in es- 

* txadiol and estrone and a reduction in placental produc- 
tion of P*ocesterone just, before labour b,e£ins, is well 

established. 128 > 129 The increase in estrogen stimulates 
placental production of prostaglandin F£ • The decrease 
iri progesterone/nay facilitate this, response. 130 A re- 
lationship e/lsts between prostaglandin and ocytocin. 
Oxytocin stimulates the release of prostaglandin, £nd 
prostaglandin 'increases the sensitivity of the myometrium to 
oxytocin. 130,131 0ne further effect of prostaglandin 
(B2) in % sheep is marked ^oftening of the cervix. 

TJie mechanism of labor in humans is lass clear. 
There are higher levels of prostaglandins in tjie amniotic 
fluid of patients in spontaneous labor .than in patients in 
induced labor. 132 Prostaglandin production requires a 
substrate, arachidonic acid. The phospholipids of the f^tal 
membranes anil decidua are rich in. archidonic acid; however, 
to free this substrate the enzyme phospholipase A2 must be 
present.. 133 * Th^e amnion, chorion, and decidua contain 
this , enzyme in the lysosomes. 13 ** 135 -The release o'f 

* phospholipase A2 from the lysosQtjes may be produced by the 
^ocal withdrawal of progesterone, whifeh had stabilised the 
lysosomes. 13 " Other factors such as hypo-tand hyperosmolar, 
conditions j*£so may cause lysosomal disruption. 137 In 
the jrhesus monkey, injection .of phospholipase A2 into 
the amniotic cavity produces rapid "Cervical effacement and 
full dilation. accompanied by a marked rise in arachidonic 
acid levels. 138 Also, there is an increase in'free a:c- 
achidonic acid in the- amniotic fluid during labor,. 139 
It has recently ^been shown that the principal sources of 
arachidonic acid' are. alkylacyljJ^sphatidyl-athanolamine 

. (alkylacyl PE),/diacyl PE, and^pHJphatidylinositol *(PI) 
in amnion, and diacyl PE and*£I in chorion. 140 Other 
investigators have shown that the prostaglandin synthetase 
activity in the amnion is greater after labor than before 
f nd that* f GE2 was formed in the; amnion and chorion, whereas 
both PG&2 and PGF2 were formed in the decidua. 141 

Thus according to current concepts, labor begins when 
phospholipase ^2 is released from lysosomes in the chorio- 
nic and amnionic membranes.* This enzyme cleaves arachidonic 
acid from phospholipids in the membranes. Arachidonic acid 
♦ <is converted to prostaglandins by prostaglandin synthetase. 
The. prostaglandins then stimulate uterine contractions and 
labor. What remains uncertain 'is the normal trigger fdr 
phospholipase A2 release from the lysosomes, as well as 
V the abnormal triggers that may caufee this process to start 
prematurely. One such potential abnormal trigger, an 



exogenous source of phosphollpase A2 from bacteria, wa^s 
discussed above. Demonstration of the role of this and 
other triggers may provide clues not, only to the origins 
of premature labor, but to its prevention as well. 



Arrest of Premature Labor 

- While there have been many attempts to stop premature- 
labor with alcohol, beta agonists, magnesium sulfate, and 
prostaglandin synthetase inhibitors, none of these agents is 
completely efficacious or.^free of problems. ^ e 
success rate ia stopping labor for 72 hours or more "is about 
80 percent, compared to 60 percent with a placebo. The 
probleffis^si^th alcohol include:* intoxication and vomiting; 
with beta agonists, maternal tachycardia, hyperglycemia and 
^hypotension; with magnesium sulfate, magnesium toxicity; 
with both the latter, maternal congestive* heart" failure; andf 
with prostaglandin synthetase inhibitors, pulmonary hyper- 
tension -in the newborn. 1 * 5 A better tocolytic agent and a 
clear understanding of the causes of the onset of labor are 
needed. , 



Fetal Distress and Hypoxic Birth Injury 

As noted above, intrapartum events caft contribute sig- 
nificantly to 'perinatal mortality and morbidity. The mecha- 
nism for such injury mdst- orf ten is .intetference with the 
supply of oxygen to the fetus* That interference can occur 
abruptly and dramatically; .as in prolapse of the umbilical 
cord or abruptio placentae, and can necessitate immediate 
emergency delivery if ttie fetus is to be saved. More often, 
the effects of fetal hypoxia during labor are more subtle. 
Passage o^ meconium 'and slowing of auscultated fetal heart 
rate are among signs used as indicators of this hypoxia. 
These signs have significant false-positive and .false- 
negative ^tates, however, and investigators seeking a more 
reliable method of assessing fetal status during labor 
have turned to other methods. 



: Efectronic Fetal Heart Rate Monitoring 

The earliest method developed for assessing fetal heart 
rate is still in use, but it is by electronic equipment 
rather than the stethoscope and human ear, and monitoring is " 
continuous rather than intermittent. Specific patterns of 
fetaX heart rate change in association with uterine cpntrac- 
tions have been identified and correlated- with the events of 
"labor and fetal status. 146 " 1 * 8 In particular, a pattern 



has been shoVn of late deceleration of heart rate corre- 
lated with significant interruption of fetal oxygen supply/ 
It is estimated that 60 pfercenf of labors are monitored * 
electronically. 81 While *the majority of retrospective, 
studies 1 * 9 " 15 ** and one prospective study 151 have shown a 
benefit to continuous monitoring, particularly in the 
high-risk patient, two ^cent I prospective studies 152 * 153 
have failed to demonstrate any benefit in the higV-risk 
patient. All three prospective studies showed an increase in 
cesarean deliveries in the continuously. monitored patient 
group. 

^-^Tfie value ^ continuous heart rate monitoring was 
reviewed in the National Institutes of Health (NIH) Con- 
sensus Development Conference on Antenatal Diagnosis on 
March 5-7, 1979, sponsored by the National Institute of 
Child Health and Human Development (NICHD). In t\ie Con- 
ference, it was generally agreed that continuous monitoring 
has value in the high-risk patient, but that its«use should 
be' optional in the low^risk patient. The need yas empha- 
sized for improved monitoring techniques to rfeduce the 
number of false positive indications of fetal distress. 
Other methods of alleviating fetal hypoxia before resorting 
to cesarean delivery were also urged 

i 

Other Methods of Fetal Monitoring 

^ One adjunct to, continuous electronic fetal heart rstte • 
monitoring is fetal scalp blood sampling to determine 
whether a fetus with an ominous heart rate pattern is, in 
fact hypoxic and acidotic and thus at risk for brain damage 
or death. The technique uses a fetal scalp puncture to 
obtain fetal blood f or pH determination;. 15 ^ A correla- 
tion of ominous fetal Wskrt rate patterns' and low fetal. pH^ 
has beep demonstrated in the human. 1 * 5 The 1 extreme vari-* 
ability, of the means requires several samples to determine 
whether the fetus Is acidotic. One investigator has 
demonstrated that fetal scalp blood sampling reduces sig-* 
nificantiy the use of cesarean delivery for fetal dis- 
tress. 15 ? Fetal scalp blood sampling has not yet achieved, 
widespread acceptance because of lack of familiarity with 
the technique . and lack of* a micromethod blood gas laboratory 
in many hospitals. r ' * 

• , There is a need for a continuously recording, reliable 
pH electrode that can be placed on' the fetal scalp. Two 
problems ^have* been observed in the available technology. 
The glass construction results in breakage, and long-term 
application may measure the pH of a surrounding hematofaa 
more than the arterial pH. Such an # electrode is currently 
available for testing and refinement, 156 * 157 and develop- 
ing this technology should have a high priority. 
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Transcutaneous electrodes to measure p02 and pC.09 
have b,eeii developed and, tested*. 158 These electrodes ha\/e 
been of j>r<fciary benefit in the management of the prematufce 
newborn infant in whom an oxygen tension {hat is either too 
low or too high can have serious consequences, but* they have 
limited, application in intrapartum fetal monitoring. \ 



Safest Method of Delivery 

When nprmal spontaneous vaginal delivery would be 
hazardous for mother or fetus, various interventions have 
been employe^ to improve outcome. Episiotomy, forceps 
delivery, version, rotation, and cesarean delivery are 
among the most common of these interventions, but there 
is uncertainty as to wjiich procedures are necessary and 
which result in improved outcomes, in specific circumstances. 
Of particular interest *and concern is cesarean delivery. 

The rate of cesarean d.elivery in the United States 
tripled between 1970 and 1978, from 5.5, to 15.2 percent,. An 
NIH Consensus* Development Conference on Cesarean Childbirth, 
on September 22-24, 1980, sponsored by the NICHD, identified 
f bur ^diagnostic, categories responsible for 80 percent of 
cesarean deliveries, and urged that additional research be 
directed toward assessing whether ^cesarean delivery is the 
bestr way to deal with these obste^ical problems."? The 
foury diagnostic categories were 'dystocia, repeat cesarean,* 
breech, and fetal distress." 

Dystocia includes both anatomic and functional problems 
that impede the normal progress of "labor. Fetopelvic 
disproportion is a frequent contributor to this diagnosis. 
Malpresentatibns also tfead to dystocia, and these infants 
probably benefit from cesarean delivery. Dysfunctional 
labor, however, appear* to account for a greater portion 
of diagnoses of dystocia. -(The- term "dysfunfctional , labor* 
connotes abnormal progress in labor as determined by statis- 
tically derived criteria. 160 > 161 ) There is epidemiologic 
evidence that prolongation tftfceither the first or second 
stage of labor is associated witn a higher perinatal mortal- 
ity rate. The data indicate that for some patterns df 
dysfunctional labor, cesarean delivery Improves outcome. **>2 
Data to substantiate this finding, however, are not avail- 
able, in othe* patterns of dysfunctional labor Inter- 
ventions such as patient rest, , sedation, hydration, ambula- 
tion, or oxytocin stimulation 'may relieve a dysfunctional 
labor%?ithout the need for cesarean delivery, but these 
issues require clinical study. 

Cesarean delivery in the treatment of dystocia and 
malpresentations may not require as precise a pelvimetry as 



does vaginal delivery, where exact measurements of pelvic 
shape and size are needed to preVent fetal damage. In spite 
of v some preliminary research ,^^\8onography has not proven 
.successful in the measurement of transverse diameters and 
estimated shape of the mid-pelvis. Thus X-ray pelvimetry 
would have to be employed for these measurements, a tech- 
nique that is not used extensively because of the fear of 
effects of radiation on the fetus. Modern Xrray machines 
and fast films have greatly reduced the radiation received 
by the fetus in X-ray pelvimetry. Research is needed to 
assess whether this reduction has so increased safety that 
pelvimetry may once agpin be a useful technique. 

For many decades it has been standard medical practice 
in the tjnited States (99 percent of cases) to deliver a 
woman with a previous cesarean by repeat cesarean, to avoid 
the risk of uterine rupture at the previous scar site. 

^Recent studies have called this practice into <msstion. 165 
The scar from the low cervical cesarean incision now used is 
less likely £0 rupture than the scar from the classical 
cesarean operation previously in use, and a large proportion 

<of jfomen with a previbus low cervical cesarean can appa- 
rently undergo a tfial of labor and deliver vaginally with 
verjr low risk. Results of )such deliveries should be moni- 
tored an<^ studied so that factors associated with risk and 
success cafi be identified at an early stage. 

With most repeat cesareans "performed electively, 
prematurity and EDS become a concern. It has be^n observed 
that infants born by cesarean after onset of labor have "a 
*lower incidence of ^respiratory distress than infants bfe 
the •.same gestational age born by cesarean before labor 
begins.^ ^This phenomenon requires .study to identify the 
factors responsible far °the difference. 

Regardless of the method 6f* delivery, breech-presenting 
intarits -have a higher incidence of neonatal problems than 
cephalic-presenting infants. In the past decade, the propor- 
tion of breech-presenting infants 4 delivered by cesarean had 
risen from 12 percent to 60 percent. Among premature 
infants,' cesarean delivery for breech presentation does not 
have a 'consistent relationship to survival, but those 
infants abpve 2,500 grams delivered by cesarean <have a 5- 
fold tetter survival rate than those delivered' vaginally . 159 
Data are inconsistent, but suggest that despite the increase 
in cesarean rate, overall survival among breech-presenti&g 
infants has not improved during the last decade. * Dati to 
assess morbidity (particularly long term) in these infants 
are limited * but stiggest. that cesarean delivery reduces 
morbidity. It is important to -collect both mortality and 
morbidity data by freight on this group of infants, compris- 
ing 3 percent of all births. The data should help in 
asfcessing^whether cesarean or vaginal deliver provides the 



best chance ior intact survival and in identifing factors 
for determining the safest method of delivery* 

■ x • r 

IV. The Infant 

During the past three decades, significant advances 
have been made in the diagnosis and treatment of disorders 
affecting the newborn infant, and neonatal mortality has 
beenreduced. Achievements in perinatal research and major 
diabase entities that are currently responsible for fetal 
x*nd neonatal mortality and morbidity are discussed below. 



Respiratory Distress Syndrome 

Respiratory distress syndrome (RDS) , or hyaline 
membrane disease (HMD), is the most common cause of respira- 
tory distress in the 'premature infant. It is manifested 
clinically by respiratory insufficiency, and typical changes 
are present radiographically . Th* disease reflects lung 
immaturity and is caused by the .lack of adequate amounts 
of surfactants (surface-active substances) to line the 
airspaces and prevent their collapse during expiratory 
maveffiSnts. The role of surfactants was first 1 described in 
the late 1950s. 16 6 ^Since then it Hks been shown clearly 
that^a deficiency of surfactant synthesis because of pre- 
maturity is responsible for the disease. Research during 
the last 25 years has led to improved methods of diagnosis 
and management .167-171 1 

The identification, of various pharmacologic agents 
capable, of\ inducing fetal lung maturation has led to pre- 
natal maternal treatment with glucocorticoids for preventing 
RDS in the neonate. 1 ? 2 other agents, such as thyroxin 1 " 
and aminophylline,174 are also known to accelerate fetal 
pulmonary maturation. Clinical trials of these drugs are 
ia progress and may provide further means of reducing the 
incidence of RDS. The potential long-t^rm* effects qf 
fetal exposure <to these agents* are unknown and need to be 
eaffl&n&d* * 

* — * * 

A method of, treatment developed in the 1970s and shown 
to improve ventilation and outcome for infant^ with RDS is 
continuous posit lye airway pressure to keep alveoli from 
collapsing on expiration/ 1 7 5 Several investigators, have* 
explored the physio4^g\£c basis for the use of assisted 
ventilation in, infants with RDS and accounted for the- 
significant improvement in the survival rates of those who 
are severely affected. Management of oxygen administration 
in treating these infants, both wittv and without ventilatory 
assistance, has been facilitated by the development of * 

• » * 
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transcutaneous p02 and pC02 meters* All of these measures 

have significantly reduced the case fatality rate of RDS 

during the last 20 years (table 8).. 

Other areas of current interest are the 'use of artifi- 
cial surfactant and the potential use of high frequency 
ventilation for very severe RDS. Both uses have been 
successful in small groups of infants, but are still in e 
the experimental phase. 

The premature infant who develops RDS is dependent on 
supplementary: oxygen and mechanical ventilation until there 
is adequate endogenous production of surfactant to stabilize 
the alveoli. In animal studies',* natural surfactant in- 
stilled into the trachea was deposited in the airways, and 
it improved lung * expansion and gas exchange. 176-178 Using' 
mixtures of natural and synthetic (artificial) surfactant? 
investigators have recently shown similar tut- less consist- 
ent effects on human lung functional?** These initial* 
observations are sufficiently encouraging to warrant further 
* clinical trials. If this mode of therapy can be perfected, 
* survival should improve -and the chronic long-term effects 
of oxygen and positive pressure ventilation on ttfe develop- 
ing neonatal lung may be minimized or prevented , 

Recent observations in animals*-^ andi humans*80,181 
suggest that high frequency ventilation (rapid oscillation 
ventilation) in .the range of 15 to 20 cycles per second may 
be a reasonable alternative to conventional intermittent 
mandatory ^ventilation or continuous positive airway pres- ' 
sure breathing-. The major advantage of high frequency 
ventilation appears to be the lower peak pressures needed 
for gas exchange and the resulting lesser potential for 
complications _ f 

Symptomatic patent ductus arteriosus (PDA) and broncho- 
pulmonary dysplasia (BPD) are emerging as the two most 
compan adverse sequelae of RDS. These complications are 
particularly common among low birthwe^ght . infants . The 
precise mechanism for the development of symptomatic PDA is 
A * . 9 0 still unknown. "* The presence of a PDA may be a contributory 
\ ^ " /factor 'in the^ development of BPD. The present <# metliqds of 

- ■ felosure^of a PDA are either surgical (ligfttiofl) br pharmaco- 

logical (administration of a prospfcglsntfin^synthetase 
inhibitor, Indomettiacin) . 182 Re<^nt>Jn^e«tigations have 
demonstrated that antenatal- glucpcorticoid . administration is 
associated with a decreased incidence of significant PDA in 

preterm /infants, although the exact mechanism has nQt been 
'elucidated. 183, 184 / * 

Pregnancy, - * • u * * 

Birth, and * . ^ , * v v < 

trie Infant Tlje major long-term acfvefse consequence foy infants 

f requiring prolonged ventilatory assistance is a type of 

11-36 i chronic obstructive luttg disease. It has beetr, labeled. 



TABLE 8. Trends of Case Fatality Rate in Neonates 
with Respiratory Distress Syndrome 
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1,000 1,501 > 


1,000 1,501 >. 


(grams) 
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** Usher, R.: Jg^eductlon of mentality from respiratory distress syndrome with 
early administration of intravenous glucose and sodium bicarbonate. 
Pediatrics 32: 966-975, 1963. 

*** Corbet A.J. and Adams, J.M«: Current therapy in hyaline memorane disease. 
\ Clin. Perinatology- 299-316, 1978. 



bronchopulmonary dysplasia* The term indicates,, the chronic 
changes seen at the alveolar level and in the smaller 
airways and .bronchioles. 185 It is usually seen in preterm 
infants who require mechanical ventilation for severe RDS, 
and it develops in 10 to 20 percent of such infants. The 
two foremost causes Of BPD appear to be: oxygen toxicity to 
the developing lungs, which leads to pulmonary fibrosis; or 
pulmonary trauma by positivW pressure ventilation, which 
causes a proliferative oblitferative bronchiolitis. 

9 

The infant who develops BPD commonly requires intensive 
care for 1 to 2 months following birth and is frequently 
readmitted for recurrent respiratory illness in the first 
year of life. The disease is occasionally associated with a 
degree of right heart failure secondary to the pulmonary 
pathology (cor pulmonale), which also required treatment. 
Present research pertaining to BPD is concerned with the 
use of pharmacologic agents, including diuretics, Vitamin E 
as an antioxidant, 186 and aminophylline as a bronchodila- 
tor, 18 7 in attempting to avoid the development of -thg 
condition,. • „ 



Neonatal Infections 

The newborn ibf ant is susceptible to many infections, 
ranging from mild inapparent infections that need no treat- 
ment, to overwhelming sepsis (bacteremia). Prior to the 
discovery and development of antimicrobial agents, itffec- 
tlion accounted for a very large number of neonatal deaths. 
The availability of these atitim^robial agents has"reduced 
the fatality rate, but septicemia remains a significant 
cause of infafit mortality and the only cause that is in- 
creasing. Advances other than -antimicrobials include: tjew 
information on developmental immunology, demonstrating that 
the relative increase in susceptibility to infection of 
premature infants 4s explained by immaturity -of their 
immunodefense. system; and new knowledge of the^sotfrce and 
route of neonatal infection., as illustrated by the close 
JjcJlationship between maternal acquisition of Group B strep- 
tococcal infection and the development of neonatal Group B 
streptococcal sepsis. 188-189 - 

v. * • 

» Re8a ^!? le88 of tlle infecting organism, neonatal sepsis 
ofccurrlng in the first days of lif e usually appears as 
respiratory distr£s/> and the clinical manifestation is 
of tep indisjtingiUs^bl^ from Rf)S. The disease is Jtrapidly 
progressive ai& ^wrles a 50 to 70 percent mortality rate. 
Early diagnosis, and prompt treatment are . important. Im- 
proved means of diagnosis are needed to lower the mortality 
rate. * • * ' *. ' * . 
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Advances in the management of neonatal sepsis have 
• included use of new antibiotics and exchangf transfusions. 
Preliminary reports speculate that bene^ifcial response to 
the latter may be due to removal of endotoxfns, improved 
cellular and humoral 'immunity, and replenishment of clotting 
factors. 190 Controlled studies are lacking and further 
study into the proposed mfechanism of action is needed. 
^ Since-aany infants with this form of neonatal sepsis are 
leukopenic and neutropenic (low whit«f cell^counts) , the 
u JL e of leukocyte transfusion has been.t^ied with some 
Success. 15 *l | * 

. ^ Recent observations have indicated that chlamydial , * 

infections, besides causing conjunctivitis in the neonatal 

per^d, may, also produce £ distinct respiratdfcy disorder \ 
characterized by an afebrile course, tachypnea,' chronic / 
diffuse lung involvement, and elevated serum immunoglobulin - 
£ (IgG and IgM) levels. 1 ^ a pilot s^tudy has 'Shown that 

4bout one-half the neonates exposed to ch£aifaydia will ' 

v develop "conjunctivitis and that an estimated 2 to 6 -'percent 
of all newborns are likely to be affected, tjie contribution 
of Chlamydia trachomatis ~to neonatal respiratory distress is 
unknown. The source of the organism is * thought ta be the 
maternal genital passage. An epidemiological assessment of 

>' the- incidence and spectrum of the disease is needed. _^ 

•Question? to be addressed include whether therapy is indi- 
z-„.- seated in all oases of ocular and pulmbnary involven&nt since . * 

* * tetracycline, the usual drug of choice, - is contraindicated 

in the neonate; and whether an infant with pulmonary disease * 
poses a public, heaith risk for other batients in tlie hospi- 
tal setting. ' „ * _ \" 
* * • 

** * * Virus infections such as rubella, herpes* and cytomega-^ 

lovirus (CMV) do not occur frequently, but their results can 
be devastating in pregnancy or to the newborn. Some of the 
long-term consequences of these irifectfl.ons tfre known; 
Others, such as learning disorders with CMV infection,*' are 
jjist cotoing to light. 193 " / " m ' 

Many of the infections that the' fetus acquires** rom the 
• mother ,are sexually transmitted (CMV, heiyes, knd chlamydia, 
^ for example). Tfie rising incidence of sexually t^anSmitted 

diseases makes this area important for sttfdy. ^ 

, * / Infant botulism has befcn identified as a distinct 
' clinical, entity. It »is caused by Clos^ridltmi botullnum and 
haa§been reported £n infants between the ages of 3 weeks and * 
7 mphths. It is a complex syndrome manifested by" a titoad 

clinical spedtrum, extending from asympt6matic carriers, ^"^t 
to varying -dejgrees of neuromuscular weakness,* to mo*e " 9 tteinSm 

fulminant cases with respiratory arrest, and* death. 194 
j Diagnosis is made by demonstration of toxin or organisms* and ||-39 

e.--\ ■: :■ .:. • • • ' - \ . ' 

EMC ' . . 48 . 9 • 



by characteristic electromyographic changes. Current 
therapy involves supportive intensive care. Needed research 
on this disease includes differentiation of pathogenesis 
between "toxin-ingestion" as opposed to "toxin-infection" 
mechanisms^ 195 the usefulness of antibiotics directed 
toward the' treatment of intestinal botulinum , and the 
possible role of botulism in the sudden infant death syn- 
drome. W6 ' I 



Erythroblastosis Fetalis and Bilirubin Encephalopathy 

Approximately 1 percent of all deliveries are affected 
by erythroblastosis fetalis. 197 About 98 percent of these 
are ABO blood group incompatibilities arid have vlittle 
clinical significance. The 2 percent of erythroblastosis 
fetalis cases attributable to other factors, particularly, 
the Rh factor, contribute most of the problem^. Until the 
mid 1960s, Rh erythroblastosis accounted for significant 
perinatal mortality, neonatal morbidity, and long^tfterm 
sequelae (deafness, mental .retardation, cerebral palsy). a 
The development of anti-Rh globulin and treatment of* the 
mother with this preparation (RhoGam) after delivery "have 
markedly reduced the incidence* of Rh isoimmunization. The 
remaining problems that need to be addressed are:* maternA 
sensitization following abortion and amniocentesis;, under 1 
utilization of RhoGam after delivery; failure of RhoG&fi. dxxk 
to maternal sensitization prior to delivery;* and presence of 
non-Rh antibodies such as E, C, Kell, and Duffy. Conical 
trials to assess the value .of rouftrne Rh prophylaxes in 
wamen at risk^btetween 28 and 34 wEeks gestation may be 
needed. Development of improved methods of quantifying 
volume of fetomaternal hemorrhage would help to assess 
the most appropriate dose of RhoGam » *' 

Bilirubin encephalopathy,, or kernicterus, is a conipll- 
cation of hemolytic disease df the newborn, and it is also a 
threat to premature infants who cannot remove bilirubin 
rapidly enough due to their immaturity. 'It develops wheft, 
bilirubin, the yellow pigment produced from the hemoglobin 
in red blood cells, crosses into the central nervous system- 
and injures the brain, particularly the basal ganglia'. Tfie 
true incidence of bilirubin encephalopathy cannot be'as- 
sessed accurately because v the signs ajre nonspecific. The 
only -certain-diagnosis of bilirubin encephalopathy , is based 
on -postmortem 'examination. 

'Treatment of the jaundiced (hyperbilirubinemia) infant 
is directed toward lowering the level of bilirubin pr 
keeping it from entering the brain* to prevent kernicterus. 
Measures employed have included hydration, administration of 
$lbumin, drugs to stimulate liver enzymes, to speed 'bilirubin 
excretion, and when these have failed, exchange transfusion t 



to physically remove bilirubin along with the serum and the 
damaged r£d blood cells. In 1968, phototherapy to treat or 
prevent jaundice due to Rh' disease or to prematurity was^ 
introduced in the United States* 198 Its use has become 
widespread, and it has markedly reduced the need for ex- 
change transfusion and has^probably reduced the incidence of 
kernlcterus; 199 Its long-term safety is currently under 
study. 

* *- ■ 

• • * 

In term infants, kernlcterus usually does not occur 
until the concentration of unconjugated bilirubin in serum 
""exceeds its binding capacity (to albumin), a Jevel estimated 
to be around 20 to 25 mg per 100 ml. T#o recent studies' 
* suggest, however,^ that kernlcterus may occur in the low 
birthweight infant at peak >bilirubin levels as low as 6 to 
10 mg f>er 100 ml.?™. 2 ** 1 Jtt these studies, factors pre- 
viously thought .to 'increase' the risk of kernlcterus (hypo- 
thermia,* hypoglycemia-, "infection)* had no such effects, 
although the effects of .other risk factrfrs '(acidosis, hypo- 
albuminemia, ' and low bilirubin binding reserve) were ques- 
tionable. . Further studies are needed to delineate the 
' risk factors for kernlcterus, to develop clinical melns for 
the diagnosis .of bilirubin Encephalopathy in ^he low birth- 
weight infant, to develop improved measures of bilirubin 
binding capacity, and to , assess treatment modalities in * 
well-controlled clinical trials^ w / ; 



Extreme Prematurity . ,* v 

prematurity refers to deliyexy priojf to 3^ weeks of 
gestation or to a birthweight belqw 2»5OT grams. Among 

\ newborns weighing leste than ,2 ;500 grams, tWb-thirds are born 
"early .and one-'thirtf are 'full tei^landC small for their 
gestational age: ( Approximately 7 percent of all births fall 
into the low birthweight group, and 1 percent ate very low 

' birthweight ftbelbw 1,500 /grams). \ * 

The problems of tfie premature infant are due in part to 
Immaturity of v^tai organs ^nd in part to disorders to which 
fhey are particularly susceptible. Respiratory *dis tress due 
'to «lung immaturity often requires prolonged .ventilatory s'up- 
t port. Jotal intravenous'nutrit^gn may be needed until the 
stomach capacity: enlarges and permits enteric feedings, 
initially by tube. The premature infant is very vulnerable 
to infection and often needsk antibiotic treatment. . Fluid 
jand electrolyte 'management ,is precarious because of immature 
'kidney function, and as a consequence the infant is easily 
• oVerloaded^with salt' and water. The "diseases tViat -are 
„ special threats include necrotizing enterocolitis, retro^ 
lental fibroplasia, hyperbilirubinemia, intraventricular 
hemorrhage, and patent ductus arteriosus. Apneic spells 
(cessation of bre'athitig) .require constant monitoring . and 
-frequent resuscitation. Thp -infant who is small for gesta- 



tional age *has a low tolerance -for the asphyxia of labor and 
delivery. There is also an*increased riri£ of stillbirth, 
severe perinatal asphyxia, hypoglycemia, polycythemia, 
meconium aspiration, , and pulmonary hemorrhage* 

The quantity and quality of the major' nutrients neces- 
sary for parenteral nutrition of the premature infant are 
generally well established, but the requirements for vita- 
mins, essential fatty acids, and trace elements are not 
clearly dfefined, particularly *itf infants who require a 
prolonged period »of nutritional support. Issues involving 
the avoidance and treatment of- complications resulting from 
parenteral nutrition, such as hyperglycemia, volume over- 
load, metabolic acidosis, liver damage, and hyperammonemia, 
need to be investigated. 

The improvement in. survival, * based upon utilization,^: 
newer diagnostic and^fc^rapeutic capabilities In intensive 
care nurseries, is mainly limited to prematures Weighing 
above, 1,000 grams at birth. * Infants below 1,000 grams 
continue to" have < 9 high mortality rate, and the survivors 
suffer many disabilities that develop as sequelae of intra- 
ventricular hemorrhage, apnea, asphyxia, ctironic lung 
disease', and oth^r conditions. Of infants below 750 grams, 
fewer* than half survive, and a significant number have 
continuing problems as a' consequence of their' early compli- 
cated medical bourse. Studies are needed to define factors 
leading to the initiation o£ both tferm and premature labor, 
as well as studies # of problems occurring more, frequently in 
the premarture infant. - 



Intracranial Hemorrhage # , ^ 

With improved obstetric and neonatal care, intra- 
cranial hemorrhage ; 4ue to birth trauma has decreased, but 
hemorrhage associated with asphyxia arid prematurity has 
become , more common. 2 02-2 04 full-term 4 infant is at 

risk for subarachnoid s and intracerebral hemorrhage following 
hypoxic-ischemic .encephalopathy and birth asphyxia*. The 
preterm," infant is prone to periventricular and intraven- 
tricular hemorrhage frequehtly in association with-severe 
respiratory distress syndrome. 205 The association with 
prematurity deems to be related to several factors: the 
^presence of a specif ic « area of the brain (subependymal 
'germinal matrix around the caudate nucleus) » which prior to 
term provides weak support to small vessels; the type and 
state of arterial .and capillary development in the Drain; 
and a physiological Impairment in vascular autoregulatiop; 

The recent availability of noninvasive Imaging tech- 
niques using 4 comnutecl axial tomography* (CAT* scan)^06 an< j 
ultrasonography 2 "?, has provided greater insight into the 



true incidence and evolution of intracranial hemorrhage. 
The reported incidence of intraventricular hemorrhage using* 
these techniques in infanta below 1,500 grams blrthweight , 
ranges from 40 to 82 percent* The long-term outcome of 
infants with intracranial hemorrhage appears to be, related 
to % tne^egree 'of hemorrhage and the presence of complica- 
tions. 208 Post-hemorrhagic hydrocephalus is seen in many 
\>f the survivors, and the -severity of developmental -and 
ijeurologic handicap correlates with both the presence of*^ 
hydrocephalus and the degree, of hemorrhage. 

Further work needed in this area includes studies of 
the factors influencing the perinatal cerebral circulation, 
the role ofi obstetric and postnatal procedures in the patho- 
genesis of 1 hemorrhage, and improved Imaging techniques ancf.> 
noninvasive biophysical techniques to monitor cerebral cir-' 
culation and intracranial tension. 



Persistent Fetal Circulation ' 

.Persistent fejral. circulation, also known as persistent 
pulmonary hypertension of the newborn, is, a disorder charac- 
terized. *by central cyanosis .and a variable tieg^ee' of 4 respi- 
ator% di^re^s witK aa onset usually within 24 hours after r 
, delivery . Th§ predominant cir<gi^ktory changes are a de- * 
crease in $ulhox$vp -bl'bod flow*with a right-to-left « shunt 
through the du^ud' a^tqriosus and .foramen ovale (persisting 
fetal chSnnel«>v ^Tb dkt^it W§ been-/ defer i|pd l^ot|i *as an 
isolated entity, apjrMr^^ 

and K as a complication of'- a w vrf^a|^f df-SMdeys, including, 
diaphragmatic hernia, meconium aspiration f *yndrome, spoiy- 
cyt hernia* and Group B ^s treptocbccal\ iAfj^:ipnV^r^\The- 
exact etiology and pathogenesis are' uirkndwn. Xt°uflfu^ly 
occurs in full-term infants born following conipHp^t^ns of 
pregnancy, labor, and delivery. The incidence; tjy&s^been 
estimated at 1 in 1,500 \ive births. m % /' * 

^The management of this condition w^Lth^the use v of 
pulmonary vasod£latdrs such as- tolazolf ne ti£s been .only 
partially successful .210 The overall mortality < ^s to 
30/ percent and is 'higher in infants who do not_£6spond to 
vasodilator therapy. 21 J p 1 211 Future studies are geededjjon 
noninvasive methods tb diagnose pulmonary hypertension and 
myocardial dysfunction, such as echocardiography,, an$ o'n the^ 
Evaluation of pharmacologic agents having specific- action on 
/the pulmonary vasculature, such as pulmonary vasoactive 
prostaglandins. k % % + t ' • 

Necrotizing Enterocolitis 

* * 

Necrotizing Enterocolitis is a disease of^fewborn 
infants' characterized by intolerance' of feediiig, atidominal 
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distention, bloody stoo]3, and- pneumatosis intestinalis 
(gas in the bowel wall). The disease may progress to 
perforation of the bowel and require surgical intervention. 
Survivors are at increased risk for delayed growth and 
development. \ Contributory factors to* the delays include 
nutritional deprivation, extended periods of parenteral 
nutrition, prolonged traumatic hospitalizations, and ' 
strictures of the bowel. 

The etiology is unknown but is thought to be related to 
the introduction of -feedings into a bowel injured by is- 
chemic from perinatal stress, such eys asphyxia or hypo- 
thermia, and colonized by hospital-accfuired bacteria. More 
than 95 percent of 'cages occur after the introduction of 
< feedings. ^ The incidence is 1 to 2 cases per 1,000 live 

• m births". It occurs* 10 toimes'more frequently in infantsV 

^ «V weighing less than l,flQ0 grams at birth than in infants - 
weighing mote than 2,500 grams. Perinatal factors do not 
; V ' identify .the 'infants at risk, except by birthweight or ges- 

* tational ,age. t .The infant at highest risk is premature, has 

been fed, ancl has had some perinatal stress. Treatment is 
entirely palliative,- although some studies have suggested 
that^pr ophylactic antibiotic .treatment may reduce the 
incidence. • 

\ 

Research is needed: to develop ways to assess the 
mucosal- and vascular integrity of the bowel prior to the 
onset of feedifigs; to improve mettiods of 'providing caloric 
requirements without increasing the risk of Jthe disease; and 
to evaluate the benefit in using enteral aq^biotics or 
'fresh breast milk to control the neonate 9 s bowel flora and 
prevent the disorder. 



Metabolic Disorders * 

There are a number of metabolic complications during 
1 the neonatal period tftat carry significant risks for devel- 
opmental and neurological complications? Examples include 
hypoglycemia (more commonly seen in preterm aria infants 
small for gestational age and present In - .5 % to 10 percent of 
those with'birthweights less than 2, 500 grams) and hypo- 
calcemia (incidence of 30 petcent in* preterm infants with 
birthweight less than 2,~0Q0 gms), . These disorders have been 
studied, and' methods for detection, and management , axe 
established. Polycythemia (cejatral venous hematocrit 
< p ^ tAm \ exceeding 65 percent) and cohcomitant hyperviscosity have 

Birth/and' * - recently generated interest because of the potential ef-' 

the infant feet on <^ereb?al blood flow and consequent adverse devel- 

opmental effects. Long-term studies are needed of 4 the" 
IM4 outcome of infants who develop ppl^themia. 

' X /' ' y ~ - * 7~ * - '. * 



Neonatal Pharmacology 

• The treatment of diseases *in the newborn, whether full 
term or premature*, often requires the administration of 
drugs. Jrior to availability in the nursery,* drugs are 
tested in adults, and the appropriate dosage and indications 
are derived from accumulated experience. Infants in the 
neonatal period, however, can suiter from disorders specific 
to their age group with no counterpart in the adult popula- 
tion* x Some of these have been described above. Use of 
drugs in. these disorders requires testing in affected in- 
fants to determine 4o'sage, efficacy, and safety. This test- 
ing, as wSll as routine drug use, 'Ts. complicated by the 
fact that the newborh, either full term or premature, is 
undergoing continuous changes in function (maturation) 
while adapting to a new extrauterine environment without! the 
possibility of utilizing an adult organism (the mother) for 

' the transformation and elimination of drugs. In addition to 
drugs administered directly, infants may carry foreign 
chemicals received in utero when administered to the mother/ 
Studies, in drug disposition, pharmacokinetics , and drug' 
effects in the newborn are beginning to show the complexity 
of the problem and the need to expand research in this 
aspect of neonatal care. It is important to clarify inter- 
actions between medications, physiologic events in^newborp 

* infants (especially prematures) , ^and specific diseases. 

V. Research Recommendations 

Certain problems of major impact should be pursued. 
Among these, top priority should be assigned to prematurity, 
second priority to perinatal asphyxia, Jjiird to cotttenital 
malf ormations, fourth to infections dm the newbmi and 
^iptfther, and fifth to birth trauma. " 

General research needs that -apply to the entire field 
of perinatal medicine are these: 

$m A basic understanding, at the molecular and cellular 
•level, of problems affecting pregnanoy and the 
newborn should be developed. Afcia to these studies^ 
is a need for knowledge of normal fetal and newborn 
physiology such as control of blood volume and 
circulation, ^maintenance of respiration, and^matura- 
♦ tion pi ^renal function. * % 

• New f^rms of diagnosis and therapy that are being 
' developed should be evaluated for efficacy and, 
possible hazards through well-constructed randomized 
controlled cllnicaj. trials.' ♦ 



• mote infants of younger gestational ages survive, 
in-depth followup studies should be undertaken to 
determine potential or actual biologic or psycho- 

. social problems* \ 

• There should be controlled prospective trials to 
evaluate not only new pharmacologic treatments for 
various diseases in pregnancy and inhibition of 
labor, but also the safety antf efficacy of the 
technologic developments being used to assess the 
fetus during pregnancy -and labor, as well as the 
newborn infant • 

• There is & need for work to fuKher ^reduce the 
volumes of blood needed for tests. 

• New and improved^animal models need to be developed 
for the; study ojjflfeny of these ^disorders. * • 

nancy ^ 0 > 

• Determine the mechanism(s) .responsible for.*xhe 
development "of preeclampsia, test the various 
theories regarding its origin, and develop methods 
to improve, the timing and .accuracy of diagnosis to 
distinguish it from other causes of hypertension in 
pregnancy, and develop and assess^improved methods 
of treatment^. 

i Determine the mechanism for the inc reased incidence 
of congenital malformations in^dia^eticpregnancies 
; and assess prospectively the effect of early and 

^ rigid control .of -maternal blood- glucose -levels, on 
reducing the incidence of malformations; assess the' 
effectiveness of new methods of glucose control on 
pregnancy outcome; determine the cause of gesta- 
tional (Clasrf A) diabetes, and assess the extent 
to which routfne screening for this disorder will 
reduce fetal mortality and morbidity; .assess the 
safety of term labor and vaginal delivery father 
than scheduled cesarean, birth in controlled diabetic 
patients, and develop improved methods for assessing . 
fetal lung maturity tS reduce the inaccuracies >f 

the L/S ratio in the diabet inpatient. 

^ ^ . . ^ 

<» . * • -> 
> Determine the mechanism by which the fetus is 
affected by maternal, infections, including the route' 
and the pathogenesis, particularly with respect to 
genitourinaxy^and TORCft infections; assess the 
accuracy and benefits of diagnosis dating pregnancy 
of possible TORCH Infections; ^and assess the mecha- 
nisms that normally serve to protect the fetus from 



infection, and the possible role pf defects in these 
mechanisms in the pathogenesis of the infection. 
Additionally, evaluate the safety and efficacy for 
mpther and fetus of antimicrobial treatment, of 
paternal infections and assess the fcole of maternal 
genitourinary infections in reducing birthweight due 
to IUGR, premature labor, or both. 

• Assess the effects of maternal diet (jcalories, 
nutrients, and additives) before and during preg- 

' nancy, on fetal growth and development and on mater- 
• nal disorders of pregnancy. 

• Improve prenatal diagnosis of fetal hematologic 
disorders, and 4 impr<we methods to help women'with 
hematologic "disorders to hav% a successful outcome 
of pregnancy* v ' • 

J a ' 

• Develop improved methods £o manage problems poSfed to 
^ successful pregnancy outcome by malf omations 9 of the 

^maternal \ reproductive tract. * P 

• Assess the bio^og^* imfcct on mothW and infant of 
adolescent pregnancy, and develop and test the 
effectiveness of interventions designed to avoid 
adverse outcomes of pregnancy, in thiji age group. 

> * I • 

• Assess the effects^o* mother and fetus of exposure 
during preghancV to drugs (prescribed, over-the- 
counter, and drugs of abu^e), possible teratogens 
(including alcohol and radiation), smoking, exer- 
cise/ and workplace hazards. Assessment should 
emphasize the cellular effeets of these substances, 
the role of the placenta as a toxirfying and detoxi- 
fying ftgefit, the effects at' different stages of 
gestation, determination of a safe dosage or expo- 
sure lev^r, the- role of genetics or cofactors in the 
manifestation of or protection from adverse effects, 
and . assessment of long-term as well as short-term 
hazard 8. v * " $ 

> Expand the applications of amniocentesis by such 

• means as identifying specific metabolic defects, 
, gene probe techniques, and. Improved carrier detec- 
tion, an,d improve the laboratory methodologies 
associated with amniocentesis' fey^devdtsing means to 
induce more rapid cell growth in tissue culture and* 
by" automation. * fj 

Develop Improved methods of obtaining fetal cells 
from a maternal blood sample to broaden the availa- 
bility o"f prenatal diagnosis without the need for 
amniocentesis. . 



improve tke safety and the tastrumentatiot^of fetofc- 
copy 't«* broaden the visual field and facilitate 
cannulas ion of fecal vessels, and expand the appili-* 
cationp of fetoscopy to other disorders. 

tlmproy^ diagnostic capabilities of ultrasound, for 
congenital "defects, placental pathology, snd other 
fetal abnormalities, and develop methods of assess- 
ing dose received by the fetus in ultrasound proce- 
dure's. * . '* ' « * 

Develop* and 'assess the effectiveness of methods m 
designed to increase the diagnostic accuracy of 
alpha fetoprotein screening for neural tube defects, 
evaluate the wide-scale application of maternal > 
srerum alpha" fetoprotein screening, and search for 
other prenatal markers for congenital defects. 

.Continue to" refine fetal ^measurements useful in 
dia'gnoBing and following the course of intrauterine 
'growtth retardation. 4 > 

Continue refinement of the "lung profile" to assess 
fefel lung maturity; evaluate* its accuracy, particu- 
larly in diabetic pregnancy, and attempt to identify 
othgr* markers of maturation of other fetal organ 
sj;s£€ms. * * * m , 

Evaluate the accuracy of present methods of assess 
ing fetal well-being, and develop new and Improved 
methods *for such assessment* 

* » 

Develop and evaluate th^ safety and efficacy of 
methods for the prenatal treatment of fetal dis- 
orders. • 



Evaluate the roles of -hormonal factors, such as, 
relaxin, and df mechanical* factors, such as membrane' 
strength and uterine muscle activity, in maintaining 
normal pregnancy and in. initiating premature 
labor. , 

Identify more specifically the mechanism(s) respon- r 
sible fo*r normal initiation and progress of labor in 
the* human,' and evaluate mechanisms proposed as being 
.responsible far premature initiation of labor, with 
'primary attention given: to frhe role of ' maternal 
genitourinary infections as an exogenous source of 
phospholipase. , V- . 
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# Evaluate the efficacy: and safety of Beta agonists in 
. arresting premature labor, and develop other means 
to, arreit, premature labor aafelyLfnr-TOo ther - ' J 



fetus. 



and- 



• Develop adjunctive measures that will confirm or 
refute the diagnosis 'of fetal hypoxia suggested by 

* electronic fetal heart-rate' monitoring to ^reduce the 
high incidence of fatse positives, and develop 
improved, methods fot diagnosing fetal well-being and 
distress as suggested by electronic fetal monitor- 
ing, with special emphasis on the scalp pH elec- 
trode. 

• Evaluate the outcomes, both short-term and long- 
term, of pregnancies with various complications of 
labor, in relation to the method of delivery* 

< • 

• Develop a safe and effective method for preterm 
initiation of labor. when .delivery is necessary, as 
an alternative to cesarean delivery. 



The Infant 



■ .4 



• Develop and assess improved treatment adjuncts to 
reduce the incidence of complications of respiratory 
distress syndrome (RDS) and* of its therapy, and 
assess the efficacy and safety of new modes of 
therapy for RDS* 

Devejop methods for earlier diagnosis of neonatal 
i ' sepsis, determine the pathogenesis of Group B 
Streptococcal sepsis, and explore Improved methods 
preventing and treating neonatal 'sepsis. 

« , * 

• Develop methods of preventing the adverse effects on 
t the infant due ta prenatal maternal- viral and 

parasitic infections. ^ 

• Expand the study pf the pathogenesis and effects of 
perihatal chlamydia infections, including epidemi- 
ology and appropriate therapy. 

• ^Determine the pathogenic mechanism and epidemiology 
of /infant botulism' and the role pf antibiotics in 



its treatment. 



Characterize further the ontogeny of the immune 
system in the ^newborn infant and "its relation to 
perinatal infection. 

Assess thre value of routine RhoGam prophylaxis for 



ERIC 
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Pregnancy, 
Birth, and 
the Infant* 

* IM9 



Rh negative womefc At approximately 28 weeks gesta- 
tion. * , 

p * 
Determine* the appropriate dosage of 'RhoGam to be 
given after midtrimester aaniodentesia. 

Develop improved methods to quantify the volume of 
fetal - mate r nal h e m orr hage and dete r mine y 
should Influence the dose of RhoGam. 

Develop and assess' the accuracy and usefulness, of 
improved, methods for measuring reserve bilirubin 
binding capacity in the newborn infant. 

Develop agents t.hat dan be administered to the 
infant* to bind arfd- remove bilirubin/ 0 

Identify the' factors that determine development of 
kernicterus at lower bilirubin levels in° premature 
infants. ^ ■ 

Complete the assessment of the long-term effects of 
neonatal^ph^o therapy. \ • 

Assess the. long-term outcomes fqr premature infants 
by specific weight groups in relation to various 
* neoriatal. disease' entities, diagnostic procedures, 
and treatments. . • ■ •' \ 

Det-fermine> the factors that, influence perinatal 
cerebral circulation and the role of obstetric snd 
ppstnat&l procedures in the pathogenesis of intra- 
cranial hemorrhage, improve methodologies for: 
diagnosing intracranial hemorrhage and, for monitor- 
ing cerebral circulation and # intracranial pressure, 
and develop , and assess. the efficacy of improved 
methods for treating intracranial hemorrhage. 

y • Determine the pathophysiology and long-term compli- 
^ catior^sW persistent fetal circulation, especially 
- - . its Mtelaxiondhip to perinatal hypoxia; develop more 
effective methods of noninvasive diagnosis and 
treatment of persistent fetal circulation. 

• Conduct epidemiologic studies o'f necrotizing entero- 
4 colitis? with special attention to its relation to 

% time and type of feeding; identify the pathogenesis 
of this disorder ; develop improved methods of 
< v / : prevention and treatment; anU assess the* long-term 
effects of necrotizing enterocolitis on bdwel 
function. \ 

• Develop improved methods\of screening, diagnosis, 
and treatment of metabolic disorders!. 
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• Assess differences^in,metabolism*, disposition, and 
effects of pharmacologic agents by the newbojrn 
infant at varipus ages and weights, and evaluate tKe 

/safety and efficacy of, specific drugs, especially 
antibiotics, bronchodilators , aigd cardiovascular 
drugs, used in treating newborn infants. 

ne .the optimal compo aiM nn fort total par~ 
enteral nutrition for newborn infants <of various 
weights and gestational age. * 

me* 

• Assess the- value of breast milk in, feeding. small 
premature infants, the immunologic and psychologic 
benefits of breast feeding, and the extent and risks 

. to infants of contaminants in breast milk. 
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